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ABSTRACT 

Oligonucleotide analogue arrays attached to soUd substrates 
and methods related to the use thereof r^^e'l. Ue 
oUgonucleotide analogues hybridize to nucleic acids with 
either higher or lower specificity than .corresponding 
unmodified oligonucleotides. Target nucleic acids winch 
comprise nucleotide analogues are bound to ohgonucleotide 
and oligonucleotide analogue arrays. 
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AODAVC OF MoniFIFn NUCLEIC ACID density of more than 100 members at known locations per 

PROBES AND METHODS OF UhL ^^^^ embodiments, the arrays have a density of more 

CROSS-REFERENCE TO RELATED than 10,000 members per cm^ 

APPLICATION 5 The solid substrate upon which the array is constructed 

includes any material upon >yhich oligonucleotide analogues 

This application is a continuation-m-part of U.S. Sen No. attached in a defined relationship to one another, such as 

08/440,742 filed May 10. 1995 abandoned, which is a ^^^^^^ ^^^^^^^ slides. EspeciaUy preferred oligonucle- 

continuation-in-part of PCT application (designating the ^^.^^ analogues of the array are between about 5 and about 

United States) SN PCTAJS94/12305 filed Oct. 26, 1994 20 nucleotides, nucleotide analogues or a mixture thereof in 

which is a continuation-in-part of U.S. Ser. No. 08/284,064 ^ 

filed Aug 2 1994 aband^n^^^^^^^^ "oTTlm one group of embodiments, nucleoside analogues 

part of U,S. Ser. No 08143.312 ^^f ^"^;^^^^^ incorporated into the oligonucleotide analogues of the array 

abandoned, each of which is incorporated herein by refer- ^^^^^ ^^^^.^^^ ^^^^^^ 

ence in its entirety for all purposes. j5 

HELD OF THE INVENTION 

The present invention provides probes comprised of 
nucleotide analogues immobilized in arrays on solid sub- 
strates for analyzing molecular interactions of biological 20 
interest, and target nucleic acids comprised of nucleotide 
analoeues. The invention therefore relates to the molecular . j , i f^^™ t^P 
nteracUon of polymers immobUized on solid substrates wherein R^ and R^ are mdependently selected from the 

^ ^ 25 methoxy, ethoxy, propoxy, allyloxy, and propargyloxyj, 

alkylthio, halogen (Fluorine, Chlorine, and Bromine), 

BACKGROUND OF THE INVENTION cyano, and azido, and wherein Y is a heterocyclic moiety, 

, ... , , e.g., a base selected from the group consisting of purines. 

The development of very large scale unmobihzed poly- ^^^^ analogues, pyrimidines, pyrimidine analogues, uni- 
mer synthesis (VLSIPS™) technology provides pioneenng ^^^^^^ ^^^^ 5-nitroindole) or other groups or ring 
methods for arranging large numbers of oligonucleotide jg^js ^^p^ble of forming one or more hydrogen bonds 
probes in very small arrays. See, U.S. applicationSer. No. ^.^^ corresponding moieties on alternate strands within a 
07/805,727 now U.S. Pat. No. 5,424,186 and PCT patent triple -stranded nucleic acid or nucleic acid 
publication Nos. WO 90/15070 and 92/10092, each of which ^^^^^^^ other groups or ring systems capable of forming 
is incorporated herein by reference for all P"^off ' l;"'^- 35 nearest-neighbor base-stacking interactions within a double- 
patent application Ser. No. 08/082,937, filed Jun. 25, 1993, trfple -stranded complex. In other embodiments, the oli- 
and incorporated herein for all purposes, describes methods QQucleotide analogues are not constructed from 
for making arrays of oUgonucleotide probes that are used, nucleosides, but are capable of binding to nucleic acids in 
e.g., to determine the complete sequence of a target nucleic ^^^^^^^ jj^e to structural similarities between the oligo- 
acid and/or to detect the presence of a nucleic acid with a jj^j^jgotide analogue and a naturaUy occurring nucleic acid, 
specified sequence . ^ example of such an oligonucleotide analogue is a peptide 

VLSIPS™ technology provides an efificient means for nucleic acid or polyamide nucleic acid in which bases which 

large scale production of miniaturized oligonucleotide hydrogen bond to a nucleic acid are attached to a polyamide 

arrays for sequencing by hybridization (SBH), diagnostic backbone. 

testing for inherited or somatically acquired genetic present invention also provides target nucleic acids 
diseases, and forensic analysis. Other applications include hybridized to oligonucleotide arrays. In the target nucleic 
determination of sequence specificity of nucleic acids, acidsof the invention, nucleotide analogues are incorporated 
protein-nucleic acid complexes and other polymer-polymer j^^ggj imdeic acid, altering the hybridization prop- 
interactions, erties of the target nucleic acid to an array of oligonucleotide 

r^r^vt^^x. 50 probes. TypicaUy, the oligonucleotide probe arrays also 

SUMMARY OF THE INVENTION Lmprise nucleotide analogues. 

Hie present invention provides arrays of oligonucleotide The target nucleic acids are typically synthesized by 
analogues attached to solid substrates: Oligonucleotide ana- providing a nucleotide analogue as a reagent durmg the 
logues have different hybridization properties than oligo- enzymatic copying of a nucleic acid. For mstance, nucle- 
nucleotides based upon naturaUy occurring nucleotides. By 55 otide analogues are incorporated mto polynucleic aad ana- 
incorporating oUgonucleotide analogues into the arrays of logues using taq polymerase in a PCR reaction iHus, a 
the invention hybridization to a target nucleic acid is nucleic acid containing a sequence to be analyzed is typi- 
optimized ' cally amplified in a PCR or RNA amplification procedure 

me oUgonucleotide analogue arrays have virtually any with nucleotide analogues, 'fj^^''^^^^^ 

number of different members, determmed largely by the 60 acid analogue ampbcon is hybndized to a nucleic acid 

number or variety of compounds to be screened against the analogue array. 

array in a given application. In one group of embodiments. Oligonucleotide analogue arrays and t^^^? ^^^^^^^^^ 

ZVm has from 10 up to 100 oligonucleotide analogue are optionally composed of ohgonucleo ide analogues 

m mbers In ^heTgroups of embodiments, the arrays have which are resistant to hydrolysis or degradation by nuclease 

ZeeTloSaVdloWmembers,andinyetotherembo^ 65 enzymes such as RNAase A This has the 

ments the arrays have between 10,000 and 1,000,0000 providing the array or target nucleic acid w^th J^^*^; 

m mbe s In preferred embodiments, the array will have a longevity by rendenng it resistant to enzymatic degradation. 
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Per example, analo.ls co.pnsing r-0- '^S^^^^^^^^^^ 

methyloligoribonicleotides are resistant to RNAase A. to a polymer with two or more mommcnc 

Oligonucleotide analogue arrays are optionaUy arrang d natojue ^^/^b^nits have some structural features 

into libraries for screening compounds tot desued ^~;7^^ ^^^turally occurring oHgonucleotulewhrch 

characteristics, such as the ability to bind a.^«'fi«'',f 8°" 5 ^^Tto hybridize with a naturally occurnng oligonucle- 

nucTeotide analogue, or oligonucleotide analogue- ^J"*/^ p„ i„s,ance, structural group^^ 

containing structure. The libraries also ^^dude o^^^^^^^^^ o^'Je m ^ ^^^^^^^^ f 

otide analogue members which form "^^fo™^^^^^ an oligonucleotide, such as a methyl or allyl 

restricted probes, such as ""nrl HeH ^ wW^ at the 2'-0 position on the ribose, or a fluoro group 

orobes or unimolecular double-stranded probes wmcn S'^^P *"°,.,,,,„ f., 

£nl a third chemical stmcture of interest. For instance wjiich *ub t tutes for ^ 20 ^^^^ , 

th^^rray of oligonucleotide analogues optionaUy mclud a ,he "bonuctoids ba«^^^^ P j^.y^ ana- 

Uty\f dilerent me^..,ea«^^^ ha.ng the g.-p^^ ^^^^ J..^ with methyl 

ZSte x'idlc^^e compkmlntaryoUgonucleotides ^Pho-tes or 0-methyl phosphates. Alio h« 

oSg at nucleotfde analogue a spaoe. « ^ o„gonudeotide -'^S-f P;Xr^^^^^^^^^^^ 

,nrf I ^ is a linking group having sufficient length such that j^dudes "peptide nucleic acids in ^bicn naave or m 

v^,nd X^ fSouble-stranded oligonucleotide. An array ^^.i^ic acid bases are attached to a polyam.de ba Jbone_ 

f . nchLSrscomp L a library of unimolecular double- oligonucleotide analogues optionaUy comprise a mature of 

SedoSn^^^^^^^^^^^ ,0 '^'^^'y '^'^ f,"'^fTS Moi 

stranded ol^onucie 6 ^^^^^^j 20 oUgonucleotide which is made entirely oi 

the members °.f J oUgonucleotide "anally occurring nucleotides (i.e.. those comprismg DNA 

present a « °f ^^^^^^ F«"ce. the arrays are ° rNaI with the exception of a protecting group on the end 

'°r°^,l'lforfat?ona%^^^^ b^vtag the formula ° '^Ti igonucleotide: such as a protecting group i^ 

&^cS A i commentary ^Lg standard nucleic acid synthesis is no consid red an 

:;;;oon;;^LL'or Snucleotide analogues and Z is a « 'ugoLleotide analogue for purposes of his inventiOD. 

s°mie coSrLg the binding site of interest. ^ «„,,ieoside" is a pentose glycoside ^ wh'ch h 

SpTglassispreparedby treatmentwithsilanereagents. ^^^^ „f qnA and RNA are connected toge'h" via phos 

m inversion provides methods for detemiinmg attached io the 3' position of one Pentose and the 

wh^heTml"leofint«estbir,dsmembersoftheoUgo-35 | position of the next pentose. Nucle^dean^^^^^^^ 

TclMtide analogue array. For instance, in one embodunent, ,„alogues are molecules with s'™^'^^*™ 

SSmoleculetehybridized to the array and the resulung „ „,t„,ally occurring 

hvbritotk)n pattern is determined. Tlie target molecule .^ove in the context of obgonucleoUde 

ffi™omic DNA. cDNA, unspUced RNA. mRNA. ^ „„„,„i, .agent" utilized in — a— 

Tnd rRNA. nucleic acid analogues, protems and chemical synthesis 'Syf ""es a protec^«l ph^^^ 

Dolvmers He target molecules are optionally amphfied ^ 3, ^ydroxyl of the nbose. T^"*' .««<='^™ 

being hybridized to the array, e.g.. by PCR. LCR. or P ^ °t tSS'SeS"' 

cloning methods. , nucleoside reagents, nucleoside phosphates, nucieosia 

■^e oligonucleotide analogue members of the array used ^„ ^ates. nucleoside Pb°*Pho"«'J''"; 
in Z ab^ve methods are synthesized by any described J^^^ ^^^^^Mites. nucleoside ph^f bonate^ pho^«^ 
L hod for creating arrays. In one embodiment, the obgo- P Pj,^ ^^e. It is generally understood '"^^^^^^^^ 
nucleotide analogue members are atUched to Ae sohd , ,,,^ive, or activatible. pbospho^ or 
suSe, or syntesized on the solid substrate by light- J J^j^jy ^rder to form a pbosphodiester link- 
directed very large scale immobilized polymer synthesis, _ 
eg using photo-removable protecting groups during syn- "protecting group" as used herein, refers to any of the 
teis.InLotherembodiment,theoUgonucleoUdemember^^ P^y.^ are designed to block one reactive site m a 
are attached to the solid sutetiate by fonnmg a plurahty of ^^^^ ^ ^^^^^^ reaction is earned outat anoto 
channels adjacent to the surface of said substrate, placing ^.^^ ^^^^ particularly, the protecting groups used 

selected monomers in said channels to synthesize oUgo- ^^^^^^ ^f those gfO^P'* 

Tucleodde analogues at predetermined porUODS of selected 55 he ^^^^^^^^1^^^^^^^^ 

regions, wherein the portion of the selected regions com- ^ ^ot^ New York^ NY, 1991, which k 

% oligonucleotide analogues different from oUgonucle- ^ ^^^^^ herein by reference. Tbe prpper s^lecuon of 

otide analogues in at least one other of the selected regions. . ^ , ^^icular synth^is is gove«^ by 
1 repeating the steps with .he chanr^ls fo^e^^^^^^^^ 

second portion of the selected regions. Tlie solid subsuate is ^ ..ii^,^i,ected" synthesis, discussed berem, the protect 

any suiiable material as described above, mduding beads, ^gg^ps are photolabile protecting groups ^ch as^^^^ 

suL, and arrays, each of which is constmcted from, e.g., 8 8^ J ^^^^^ ;„ ^^^"''"l^ffiriS 

silica polymers and glass. PCr/US93/10162 (filed Oct. 22. 1993). .0=2°" 1^ 

^^^^^^^^-^^^^^ &ando.ersknowntotho.ofskillmthean. 
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A "purine" is a generic term based upon Ihe specific synthesizing oligonucleotides and "lig^"^'"'"^^ J^^^ 

coLKurL-SaskeletalstructLderivedfrom logues are found in Jor example. 0;.jo««^^^^^^^ 

heTsSof a pyrimidine'ring and an imidazole ring. It is A PracHcal Approach Gait. ^P'^' ^f^f^f 

ieneraUy. and herein, used to describe a generic class of W„ »: A^^mjpers #«d«c Ac^s J^^^J l^lJ-Ji^J 

N«.methyladenme.or2-methylguanme '„rrs Ko^,55&2 which is incorporated herein 

A "purine analogue" has a heterocyclic nng with struc- °7 „";„^^;-^, 

tural similariUes to a purine, in which an atom or group of fo' L.hnH, of torminu laree arrays of 

A"pyrimidine" is a compound with a specific heterocy- ^ ^^^^^^ 90/1507O) and Fodor el al., PCT 

cUcdiazine ring structure, but IS used genencally by persons p^.^,. 92/10092, which are incorporated 

of skill and herein to refer to any compound having a j^^^^^^, ^^^.^^^^bich disclose methods of forming vast 

l^^iazine ring with minor additions, such as the common oligonucleotides and other molecules 

nucleic acid bases cytosine thymine, uracil, f^^^^,^ , ^ght-direct 

5-methylcytosine and 5 -hydroxy methylcytosine, or the non- ^^J''^^^^^ ^ (^^gi) science, 251. 767-77 which is 

naturaUy occurring 5-bromo-uracil. incorporated herein by reference for aU purposes. These 

A "pyrimidine analogue" is a compound with structural procedures for synthesis of polymer arrays are now referred 

similarity to a pyrimidine, in which one or more atom in the ^5 ^ VLSIPS™ procedures. 

pyrimidine ring is substituted. For instance, in one ^ VLSIP™ approach, one heterogenous array of 

embodiment, one or more of the N atoms of the ring are .^^^^ ^ converted, through simultaneous coupUng at a 

substituted with C atoms. ^^^^^^ reaction sites, into a different heterogenous array. 

A "solid substrate" has fixed organizational support application Ser. No. 07/796,243 now U.S. Pat. No. 

matrix, such as sUica, polymeric materials, or glass. In some 30 5^3^^261 and U.S. application Ser. No. 07/980,523 now 

embodiments, at least one surface of the substrate is partiaUy J ^ 5,677,195, the disclosures of which are incor- 

planar. In other embodiments it is desirable to physically ^^^^^^^ ^^^^^ purposes. 

separate regions of the substrate to delineate synthetic development of VLSIPS™ technology as described 

regions, for example with trenches, grooves wells or the above-noted U.S. Pat. No. 5,143,854 and PCT patent 

like. Example of solid substrates include shdes. beads and 35 ^^^^^^^^.^^^j j^^^ 90/1507O and 92/10092 is considered 

arrays. pioneering technology in the fields of combinatorial synthe- 

DESCRlPnON OF DRAWINGS i^S^tT^^ 

no. 1 shows four panels (FIG. lA, FIG. IB, FIG. IC and (incorporated herein by reference), describes methods for 

FIG. ID). FIGS. lAand IB graphically display the differ- 40 ^^^^^ ^^^y^ of oligonucleotide probes that are used to 

ence in fluorescence intensity between the matched and check or determine a partial or complete sequence of a target 

mismatched DNA probes. HGS. IC and ID Ulustrate the ^^^^^.^ ^^.^ detect the presence of a nucleic acid 

difference in fluorescence intensity verses location on an containing a specific oligonucleotide sequence, 

example chip for DNA and RNA targets, respectively. Combinatorial Synthesis of Oligonucleotide Arrays 

FIG. 2 is a graphic illustration of specific light-directed ^5 yLSjpgiM technology provides for the combinatorial 

chemicalcouplingofoligonucleotide analogue monomers to synthesis of oligonucleotide arrays. The combinatorial 

an array. VLSIPS™ strategy allows for the synthesis of arrays con- 

FIG. 3 shows the relative efiBciency and specificity of {fining a large number of related probes using a minimal 

hybridization for immobilized probe arrays containing number of synthetic steps. For mstance, it is possible to 

adenine versus probe arrays containing 2,6-diaminopurine synthesize and attach all possible DNA 8mer oligonucle- 

nucleotides. (3'-CArCGTAGAA-5' (SEQ ID N0:1)). Qtides (4^ or 65,536 possible combinations) using only 32 

HG 4 shows the effect of substituting adenine with chemical synthetic steps. In general, VLSIPS™ procedures 

2 6-diaminopurine (D) in immobilized poly-dA probe provide a method of producing 4" different oligonucleotide 

arrays. (AAAAANAAAAA (SEQ ID N0:2)). 55 probes on an array using only 4n synthetic steps. 

HG. 5 shows the effects of substituting 5-propynyl-2'- in brief, the light-directed combinatorial synthesis of 

deoxyuridine and 2-ammo-2' deoxyadenosine in AT arrays oligonucleotide arrays on a glass surface proceeds using 
on hybridization to a target nucleic acid. (AXATAATATA automated phosphoramidite chemistry and chip masking 

(SEQ ID NO-3) and CGCGCCGCGC (SEQ ID N0:4)). techniques. In one specific implementation, a glass surface 

HG. 6 shows the effects of dl and 7-deaza-dG substim- 60 is derivatized with a silane reagent containmg a ftinctionai 

tions in oUgonucleotide arrays. (3'-ArGTr(GlG2G3G4G5) group, e.g., a hydroxyl or amine group blo^^^^^^^^^^ 

CGGGT-5' (SEQ ID N0:5)) lolabile protecting group. Photolysis through a pho tolithog- 

CCUO 1 :> iu ixu.j)} ^^^^^ ^^^^ ^ selectively to expose functional groups 

DETAILED DESCRIPTION ^hich are then ready to react with incoming 
Methods of synthesizing desired single stranded oligo- 65 S'-photoprotected nucleoside phosphoramidites See. RG 2 

nuSde and oton^^^^^^ analogue sequences are THe phosphoramidites react on^y with those si^es w^^^^^^^^^^^ 
known to those of skill in the art. In particular, methods of illuminated (and thus exposed by removal of the photolabile 
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blocking group). Tlius, the phosphoramidites only add to sequence. Examples i°='"de 5-bromo-, 5-metbyl-, 

those afei selectively expo«d from the preceding step. S-propynyl- 5-(.m.dazol-2-y )-and 5-(th,azol-2-yl)- 

synthesisofWentoligoouc^^^^^^^^^^ 3 ^^^^^^^^^^^ 

ocafoDS on the ''^^X, ' .^^ «™ « "l^^y ° mg ,he SlGMAchemical company (Saint Louis. Mo.), R&D 

Ulumination during synthesis and the order of addition of S (Minneapolis, Minn.), Pharmacia LKB Biotecbnol- 

coupling reagents. (Piscataway, N.J.), CLONTECH Laboratories, Inc. 

In the event that an oligonucleotide analogue with a .p^j^ CuM.), Chem Genes Corp., Aldrich Chemical 

polyamide backbone is used in the VLSIPS™ procedure, it 10 Company (MUwaukee, Wis.), Glen Research, Inc., GIBCO 

is generally inappropriate to use phosphoramidite chemistry gj^j^ ^ife Technologies, Inc. (Gaitheisberg, Md.), Fluka 

to perform the synthetic steps, since the monomers do not chemica-Biochemika Analytika (Fluka Chemie AG, Buchs, 

attach to one another via a phosphate linkage. Instead, Switzerland), Invitrogen, San Diego, Calif., and Applied 

peptide synthetic method are substituted. See, e.g., Pirning Biosystems (Foster City, Calif.), as well as many other 

et al. U.S. Pat. No. 5,143,854. commercial sources known to one of skill. Methods of 

Peptide nucleic acids arc commercially available from, attaching bases to sugar moieties to form nucleosides are 

e.g., Biosearch, Inc. (Bedford, Mass.) which comprise a known. See, e.g., Lukevics and Zablocka (1991), Afucteosirfe 

polyamide backbone and the bases found in naturally occur- Synthesis: Organosilicon Methods Ellis Horwood Limited 

ring nucleosides. Peptide nucleic acids are capable of bind- Chichester, West Sussex, England and the references therein, 

ing to nucleic acids with high specificity, and are considered Methods of phosphorylating nucleosides to form 

"oligonucleotide analogues" for purposes of this disclosure. nucleotides, and of incorporating nucleotides into oligo- 

Note that peptide nucleic acids optionally comprise bases nucleotides are also known. See, e.g., Agrawal (ed) (1993) 

other than those which are naturally occurring. Protocols for Oligonucleotides and Analogues, Synthesis 

Hybridization of Nucleotide Analogues „ and Properties. Methods in Molecular Biology volume 20, 

TljestabaityofduplexesformedbctweenRNAsorDNAs "umana Press, Towota. N J., and the refere^^^^^ 

are generally in the order of also, Crooke and Ubleu, and Sanghvi and Cook, and the 

RNA:RNA>RNA:DNA>DNA:DNA, in solution. Long references cited therein, both supra, 

probes have better duplex stabiUty with a target, but poorer Groups are also linked to various positions on the nucleo- 

mismatch discrimination than shorter probes (mismatch 30 side sugar ring or on the purine or pynmidme rings which 

discrimination refers to the measured hybridization signal may stabilize the duplex by electrostatic interactions with 

ratio between a perfect match probe and a single base the negatively, charged phosphate backbone, or through 

mismatch probe. Shorter probes (e.g., 8-mers) discriminate hydrogen bonding interactions m the major and minor 

mismatches very well, but the overall duplex stability is low. groves. For example, adenosine and guanosine nucleotides 

In order to optimize mismatch discrimination and duplex 35 are optionally substimted at the position with an imida- 

stabiUty, the present invention provides a variety of nucle- zolyl propyl group, increasing duplex stability. Universal 

otide analogues incorporated into polymers and attached in base analogues such as 3-nitropyrrole and 5-nitroindole are 

an array to a soUd substtate. optionally included in oligonucleotide probes to improve 

Altering the thermal stability (TJ of the duplex formed duplex stability through base stacking interacuons. 

between the Urget and the probe tSing, e.g., known oUgo- 40 Selecting the length of oligonucleotide P-^bes 's ^bo 

nucleotide analogues allows for optimization of duplex important consideration when optimizing hybridization 

StabiUty and mismatch disaimination. One useful aspect of specificity. In general, shorter probe sequences are more 

altering the T„ arises from the fact that Adenine-Thymine specific than longer ones, in that the occurrence of a single- 

(A-T) duplexes have a lower T„ than Guanine-Cytosine base mismatch has a greater destabihzmg effect on the 

G-qduplexes.dueinparttothetactthattheA-T duplexes 45 hybrid duplex. However, as the overaU thermodynamic 

have 2 hydrogen bonds per base-pair, while the G-C stabiUty of hybrids deaeases with length, « embodi- 

duplexes have 3 hydrogen tends per base pair. In hetero- ments it is desirable to enhanc* duplex stabihty for short 

geneous oUgonucleotide arrays in which there is a non- probes globaUy.Certam modifications of the sugar moiety m 

uniform distribution of bases, it can be difficult to optimize oUgonucleotides provide usefiil stabiUza tion, and these can 

hybridization conditions for all probes simultaneously. Thus, 50 be used to increase the affinity of probes for complementao' 

in some embodiments, it is desirable to desUbiUze G-C-rich nucleic acid sequences. For example 2 -0-methyl-. 2 -0- 

duplexesand/ortoincreasethestabililyofA-T-richduplexes propyl-, and .2'-0-aUyl-olipribonucleQUdes h v^^^^^ 

while maintainingthesequencespecificityof hybridization. binding affinities for complementary RNA sequences than 

Tliis is accomplished, e.g., by replacing one or more of the their unmodified coumerparts. Probes comprised of 

native nucleotides in the probe (or the target) with certain 55 2'-fiuoro-2'-deoxyollgonbonucleotides also form more 

modified, non-standard nucleotides. Substitution of guanine stable hybrids with RNAthan do their unmodified counter- 

residues with 7-deazaguanine, for example, will generally parts. i -j u 

destabilize duplexes, whereas substituting adenine residues Replacement or substitution of the internucleotide pbos- 

with 2,6-diaminopurine will enhance duplex stabQity. A phodiester Unkage in oUgo- or poly-nucleotides is also used 

variety of other modified bases are also incorporated into 60 to either increase or decrease the affinity of probe-target 

nucleic acids to enhance or decrease overall duplex stability interactions. For example, substituting phosphodiester Imk- 

whUe maintaining specificity of hybridization. Tlie incorpo- ages with phosphorothioate or phosphorodithioate Imkages 

ration of 6-aza-pyrimidine analogs into oUgonucleotide generally lowers duplex stability, without affecting sequence 

probes generally decreases their binding aflSnity for comple- specificity. Substitutions with a non-iomc methyiphospho- 

mentary nucleic acids. Many 5-substitutedpyrimidines sub- 65 nate Unkage (raceraic, or preferably, Rp stereochemistry) 

stantiaUy increase the stabiUty of hybrids in which they have have a stabiUzing influence on hybrid formatioti. Neutral or 

been substituted in place of the native pyrimidines in the cationic phosphoramidale hnkages also result in enhanced 
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duplex stabilization. Tl-e phosphate diester backbone has sugar-phosphate backbone has been replaced with a polya- 

been renlaced with a variety ofother Stabilizing, non-natural mide structure. , „ , 

been studied as potential antisense Th.nn.\ equilibrium studies, kinetic "on-rate" studies, 

therapeutic agents. See, e.g., Crooke and Lebleu (eds) and sequence specificity analysis is optionally performed for 

(1993) Antisense Research Applications CRC Press; and, 5 any target oligonucleotide and probe or probe analogue. J be 

Sanehvi and Cook (eds) (1994) Carbohydrate modifications ^^^^ obtained shows the behavior of the analogues upon 

in Antisense Research ACS Symp. Sen #580 ACS, Wash- ^^^^^^ formation with target oligonucleotides. Altered 

ington DC. Very stable hybrids are formed between nucleic ^^^^^^ stability conferred by using oligonucleotide analogue 

acids and probes comprised of peptide nucleic acids, in probes are ascertained by following, e.g., fluorescence signal 

which the entire sugar-phosphate backbone has been intensity of oligonucleotide analogue arrays hybridized with 

replaced with a polyamide structure. 3 target oligonucleotide over time. The data allow optimi- 

Another important factor which sometimes affects the use nation of specific hybridization conditions at, e.g., room 

of oligonucleotide probe arrays is the nature of the target temperature (for simplified diagnostic applications), 

nucleic acid. Oligodeoxynucleotide probes can hybridize to Another way of verifying altered duplex stabiUty is by 

DNA and RNA targets with different afi5nity and specificity. ^5 f^^Q^ing t^e signal intensity generated upon hybridization 

For example, probe sequences containing long "runs" of ^.^^^ ^.^^ Previous experiments using DNA targets and 

consecutive deoxyadenosine residues form less stable i^^A chips have shown that signal intensity increases with 

hybrids with complementary RNA sequences than with the ^.^^^ ^^^^ ^^^^ ^^^^i^ duplexes generate higher 

complementary DNA sequences. Substitution of dA m the ' j intensities faster than less stable duplexes. The signals 

probe with either 2,6-diaminopurine deoxynboside, or 20 ^^^^^ ^ plateau or "saturate" after a certain amount of time 

2'-alkoxy- or 2'-fluoro-d A enhances hybridization with RNA binding sites becoming occupied. These data 

targets. allow for optimization of hybridization, and determination 

Internal structure within nucleic acid probes or the targets equilibration conditions at a specified temperature, 
also influences hybridization efficiency. For example. Graphs of signal intensity and base mismatch positions 
GC-rich sequences, and sequences containing "runs" of 25 j^^^^ t^e ratios of perfect match versus mis- 
consecutive G residues frequently self -associate to form ^^^^^^^ calculated. This calculation shows the sequence 
higher-order structures, and this can inhibit their binding to properties of nucleotide analogues as probes. Per- 
complementary sequences. See, Zimmermann et al. (1975) ^^^^ match/mismatch ratios greater than 4 are often desirable 
J. Mol Biol 92: 181; Kim (1991) Nature 351: 331; Sen and oligonucleotide diagnostic assay because, for a diploid 
Gilbert (1988) Nature 335: 364; and Sunquist and Klug 30 ^^^^ ratios of2 have to be distinguished (e.g., in the case 
, (1989) Nature 342: 825. These structures are selectively ^ heterozygous trait or sequence), 
destabilized by the substitution of one or more guanme Acids Which Comprise Nucleotide Ana- 
residues with one or more of the following purmes or purine .^^l 

analogs: 7-deazaguanine S-^^^-^-^^^^^SUT^tn Modified nucleotides and nucleotide analogues are incor- 

2-aminopurine IH-purme, and hypoxanthine, m order to 35 ~ enzymatically into DNA or RNA 

enhance hybridization ^ , . . , target nucleic acids for hybridization analysis to oligonucle- 

Modified nucleic acids and nucleic acid analogs can also '^^^l incorporation of nucleotide analogues in 

be used to improve the chemical stabihty of probe arrays ^if Lg^^ of the target in terms 

Forexample,certainprocesses and conditions thatare^^^^^ 

for either the fabrication or subsequent use of the array^^^ 40 ^^^"^^^^^^^^ /^d oligonucleotide analogue probe 

may not be compatible f ^ f^^^^ ^^^^^f^^^^^^^^^ lySe use of nucleotide^nalo^^^ 

chemistry, and alternate chemistry can be employed to ^ ^ ^^.^^ ^ ^^e target nucleic acid, or both, improves 

overcome these problems. For example, exposure t^^^^^^^^ ability of hybridation interactions. Examples of 

conditions wiU cause depunnation of punne ^f^^V^^f^^ S nucleotide analogues which are substituted for natu- 
uhimately resulting in cham cleavage and overal de^ad - 45 "^^^^^ ^^^^^.tMes include 7-deazaguanosine, 2,6- 

tionoftheprobearray.Inthiscase,adeninea^dfi^^^^^^^ Sinopurine nucleotides, 5-propynyl and other 

replaced with 7-deazaadenine and 7-deazaguanine ^ pyrimidine nucleotides, 2'-fluro and 

respectively, in order to stabilize the oligonucleotide prob s ^^^J^^ .^-deoxynucleotides and the like, 

towards acidic conditions which ^ S nucleotidelalogues are incorporated into nucl^^^^ 

facture or use of the arrays. ^^^^^ ^^^^ib^d or using 

Base, phosphate and sugar modificabons refused n ^^^^;"| ^n^erases. Tlie nucleotide analogues are 

combination to make highly modified oligonucleotide ana- ^^A ^^^^^^ ^^^^^^ ^^^^ ^ 

logues which take advantage of the properties of each of the P J^J^^ ^.thods such as PGR, LCR, 

variousmodificaUons.Forexample,ohgonucleotideswhich "''''l '^^^^ ^tro transcription (e.g., nick 

have higher bindng affimtie^^^^^^^^ ss fj^^J^^^^^^^^^ transcriptioS) and the hke. 

than their unmodified counterparts (e.g., 2 -O-^^^^Jhyl-^ U ^ .^^j the nucleotide analogues are optionaUy incor- 

propyl-, and 2'-0-allyl ^^^^f ^^^^^^^^^^^^^ JJ a d n^^^^^^^ nucleic acids by culturing a ceU which 

rated into oligonucleotides wi h modified bases .^e ^oned nucleic acid in media which includes 

(deazaguanine, 8-aza-7-deazaguaDine. 2-aminopurme, comprises ttie cionea nuc^ 



target hybridization to certain purine nch probes. 2 -fluro ncma j embodiments, the surface attaching por- 

and 2'-mcthoxy.2'-deoxynucleotides substitute for na ural aUarly P^«^'^« 1^^,;^^ ,„,,„g„, either bis(2- 

nucleotides to enhance target hybridization to similarly ^ .joxyethyl)-aminopropyltriethoxysilane, n-(3- 

substiluted probe sequences. triethoxysilylpropyl)-4-hydroxybutylamide, 

Synthesis of 5'-photoprotected 2'-0 allq'l ribonucleotide aminopropyltrieihoxysilane or hydroxypropyltriethoxysi- 

analogues lane. . .u • • 

The light-directed synthesis of complex arrays of nucle- jhe oligoribonucleotides generated by synthesis using 

group. See, application SN PCT/US 94/12305 ^^^^ ^^y^^ University Press, 1991, pp. 49-S6, incor- 
Spccific base-protected T-0 alkyl nucleosides are com- ^^^^^^ ^^^^.^ reference for all purposes, have reported 
merciaUy available, from, e.g., Chem Genes Corp. (MA> Jj^^ synthesis of mixed sequences of 2'-0-Methoxy- 
The photolabile McNPoc group is added to the 5 -hydroxy ^ribonucleotides (2'-0-McORNs) using dimethoxytntyl 
position foUowed by phosphitylation to yield cyanoethyl . i^^^aniiditc chemistry. These 2'-0-McORNs display 
phosphoramidite monomers. Commercially available ^.^^.^^ ^^.^^ complementary nucleic acids 
nucleosides are optionally modified (e.g., by 2-0-alkylalion) ^^^^ ^^^^ unmodified counterparts, 
to create nucleoside analogues which are used to generate ^^^^^ embodiments of the invention provide mechanical 
oligonucleotide analogues. ^^^^^ generate oligonucleotide analogues. These tech- 
Modifications to the above procedures are used in soine 25 ^. discussed in co-pending appHcation Ser. No. 
embodiments to avoid significant addition of MenPoc to the ^7^95^43 filed Nov. 22, 1991, which is incorporated 
3'-hydroxyl position. For instance, in one embodunent, a ^^^^.^ by 'reference in its entirety for all purposes. 
2*-0-methyl ribonucleotide analogue is reacted with DMT- ^gg^^tially oligonucleotide analogue reagents are directed 
CI {di(p.methoxyphenyl)phenylchloride} in the presence ot ^^^^ ^^^^^^ ^ substrate such that a predefined array 
pyridine to generate a 2'-0-methyl-5'-0-DMT nbonuclc- 30 oligonucleotide analogues is created. For instance, a 
otidc analogue. This allows for the addition of TBUMb to. ^^.^^ channels, grooves, or spots are formed on or 
the 3'-0 of the ribonuclcoside analogue by reaction with ^^-^^ jo a substrate. Reagents are selectively flowed 
TBDMS-Triflate (t-butyldimethylsilyltrifluoromethanc- h or deposited in the channels, grooves, or spots, 
sulfonate) in the presence of iriethylamine in I Hb ^^^^ ^^^^ j^^^-^g different oligonucleotides and/or 
(tetrahydrofuran)toyielda2'-0-methyl-3'-0-TBDMS.5-0- 35 ^jj^^^igotide analogues at selected locations on the sub- 
DMT ribonucleotide base analogue. This analogue is treated ^^^^^^ 
with TCAA (trichloroacetic acid) to cleave off the DMT ^^^^^^.^^ Hybridization 

group, leaving a reactive hydroxyl group at the 5 posiUon embodiment, hybridization is detected by labeUng 

MeNPoc is then added to the oxygen of the 5 hydroxyl in j ^^^^^ visuaUzation 

group using MenPoc-Cl m the presence of pyndme. TJe ['^^^[^J^^^^ 

TBDMS group is then cleaved with F (^-S^ ^^^^ ^ ^fy^ ^^.log^e probes. Upon duplex formation by the target 
a ribonucleotide base analogue with a Me>n^oc^ S a prK array (or triplex formation in embodi- 
attached to the 5' oxygen on the nucleotide anabgue. If wim a p rises unimolecular double- 
appropriate, this analogue is phosphitylate^ sTX"^ 

phoramidite for oUgonucleotide analogue synthesis. Othe ,5 and detected by viewing the array, e.g.. through 

nuckosidesorcucleosideanaloguesareprotectedbysmiilar ^/f^^^^^^^^ 

procedures. , , . ru:„e Sequencing by hybridization 
Synthesis of Oligonucleotide Analogue Arrays on Chips q^^^^ methodologies are highly reliant on 
Other than the use of photoremovable protecUng^^^^^^^^ procedures and require substantial manual effort, 
the nucleoside coupling chemistry used m VLSIPS tech- 50 sequencing technology is a laborious 
nology for synthesizing oligonucleotides and ohgonucle- ^^^^^^^^ requiring electrophorctic size separation of 
otide analogues on chips is simOar to that used tor oiigo- y^^^^ DNA fragments. An alternative approach involves a 
nucleotide synthesis. Hie oUgonucleotide is typicaUy Unked . . .^^^j.^j, ^^^^^ y carried out by attaching target DNA to 
to the substrate via the 3'-hydroxyl group of the ohgonucle- y ^ interrogated with a set of oligonucle- 
otide and a fimctional group on the substrate which results 55 ^^^^'^^ ^J^^ ^ (,^1 application SN PCT/US94/ 
in the formation of an ether, ester, carbamate or phosphate P 

ester linkage. Nucleotide or oligonucleotide analogues are ^^^^^ oligonucleotide probe array syn- 

attached to the soUd support via 3 thesis involves the use of Hght to direct the synthesis of 

for example, supports havmg (Pfy>^^^'^^^^^^ SnZ^oi^c analogue probes in high-density, miniatur- 

surfaces, or preferably, by siloxane bonds (^smg, for 60 g^^^'^^t^ces of spa^ oligonucleotide 

example, glass or siUcon oxide as the solid support^ Silox '^^^^^^^^^ l,,,^. The ability to use 

ane bonds with the surface of the support are formed in one J^^^^^^^^ complementary sequences was dem- 

embodiment via reactions of surface attachmg portion J^^^^^^^^^^^^^ Lrescenf labeled oligonucle- 

bearing trichlorosUyl or trialkoxysilyl groups. Tlie surface ^^^^f ^^^^^^ ^^^uced. 

attaching groups have a site for ^ttachmem ^^^^^^^^^ """m^^^^^ arrays are used. e.g.. to study 
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...c acia inuracicns. 0— ide .a.^e a^s ^^^SS^S:^^. 

are used to define the thermodyaam.e and ^net c rules ■ or as a probe or probe target, 

governing the formation and stability ofol.gonucleot.de and ^^g^^/j^P^^^ „p,i„„,Uy used to separate coraplemen- 
oligonucleotide analogue complexes. ^ ,ary portions of the oligonucleotide analogue. 

OUgonucleotide analogue Probe Arrays and Librar.es ^^^^^ invention also contemplates the preparation 

The use of oligonucleotide analogues in probe arrays ^^^v^^ oUgonucleotide analogues having bulg« ?r 

provides several benefits as compared to standard ohgo- ^^^^^ complementary regions. Specific RNA 

nucleotide arrays. For instance, as discussed sup". certM F ^^^^^ ^.cognized by proteins (e.g.. TAR RNA is 

oligonucleotide analogues have enhanced hybrrd.zation ^^^j,^ by the TAT protein of HIV). Accordmgly.l.brar- 

characteristics to complementary nucleic aads as compared °f oligonucleotide analogue bulges or loops are useful m 

with oligonucleotides made of naturally occurring nucle- ^er of diagnostic applications. Hie bulge or loop can 

otides. One primary benefit of enhanced hybnd.zat.on char- ^^^^ oligonucleotide analogue or linker pontons. 

acteristics is that oligonucleotide a^loS""' Pf?*?^ Unimolecular analogue probes can be configured in a 

optionally shorter than correspondmg probes which do not ^^^^ embodiment, the ununolecular 

include nucleotide analogues. ombes comprise linkers, for example, where the probe is 

Standard oligonucleotide probe arrays typicaUy requ>^^^ Ranged according to the fom.ulaY--L•-X^-L^-X^ m 

fairly long probes (about 15-25 nucleotides) to achieve » i ^ x> and represent a 

strong binding to target nucleic acids. The me of such long complementary oUgonucleotides or oUgonucleot.de 

probes is disadvantageous for two reasons. F.rst, the longer V represents a bond or a spacer, and L repre- 

the probe, the more synthetic steps must be performed to 6 ^ ^^^^^^ sufficient- length such that X 

make the probe and any probe array compr.s.ng the probe. ^ double-stranded oligonucleotide. The general 

Tliis increases the cost of making the probes ^^J^^ y,,,;, conformational strategy used in generatmg the 

Furthermore,aseachsyDthetcstepresults.nle« thanlOO% l^^^,^^^^^^^ unimolecular probes ^ 

coupling for every nucIeot.de. the quali^j^ of the p obes „ ^ ^ppy^ation Ser. No. ^27^7 

degrades as they become longer. Secondly, ^horl ^obes a„yof the elements of the probe (L'.XSL and 

provide better mis-match discrimmaUon for hybridization to ^^^^J^ nucleotide or an oligonucleotide analogue, 

a target nucleic acid. This is because a s ngle base mismatch ^ embodiment X' is an oUgonucleotide 
for a short probe-target hybridization is less destabilizing 

than a single mismatch for a long probe-Urgethyb« 30 nucleotide analogue probes are optionally 
Thus, it is harder to distinguish a smgle probe-target m^ ine g ^^.^^.^^ ^^^^^p,^^ 
matchwhenlheprobeisa20.merthanwhentheprob^^an '^P^^^^^^^^ optionally presented from the 
S-mer. Accordmgly. the use of short oUgonucU^tide m- ^™ 3"^,jio„aUy L^^^^^ 'ana- 
logue probes reduces costs and mcreases mismatch discrun.- ™ddle°Ucont ^J^^^^^ ,„,,ogne probes 

nation in probe arrays. ^Senerallv have the structure-X'-Z-X^ wherem X and 

The enhanced hybridization characteristics of oUgonuc e- B ^ 'complementary oligonucleotide analogues and Z is 

otide analogues also allows for the creation of o^g<"»ucle- ^^^^^^ ^^^^^^ ^^^^ j„face of the 

otide analogue probe anays where the probes m *e arrays ^ ^^^^^^ ^^^^ antagonist for a cell 

have substantial secondary structure. For instance, the oU- P . / tor, a toxin, venom, viral epitope, hormone, 

" " 

■ fi- 978^282 General strateaes for using . jg oplionaUy a nucleic acid such as a VLV. ampiicon wmcu 

rS4la Tou 1 '^^^ oSn-leotid^es as probes, one or more nucleotide analo^«;^In °o 

3 hSry Ze ation is described in application Ser. No embodiment, arrays are designed to <»°'^'f P^"^J^ 

similar strategies are applicable to oUgo- ..g comje-^^^^^^^ « 
nucleotide analogue probes. " "^^1 iirsealn« cot^ri^^^ 

,n general, a »>i^-.PP-:•,;.^^;^,7^^^^^^^^ ^^le^ce^^rrra^ts'TaTSence^ 
attached spacer molecule is attached to the dista cno or me se?i™=f ' jgiected as a reference sequence. 

oUgonucl^tide analogue probe. The probe is attached ^ a °''de of faiov^ seq^^ 

sin'gle unit, or synthesized on the ^-P-"™""/^ ^ Se iXsT^Shisms associated with phe- 

monomer by monomer approach using the VLS PS or eo '"f"^*^'"""^ significance in human 

affay- , , . „,h..r than serve to identify pathogenic microorganisms and/or are the 

In some embodiments, molecules other than ^^'^ '° J %y which such microorganisms acquire 
oligonucleotides, such as proteins, dyes, co-factois, linkers site of mutaUons by wni 
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HIV resistance). Other reference ^-^S^^^^f, °f '"''"'f^ flXd by Sng or traUing sequences lacking oomple- 

These reference sequences also have utility lor, e.g. 5 ^ f ^^^^^^ V ^^^^ 

forensic, cladistic, or epidemiological studies^ ''1 Vr „ ,hf S« s^^^^^ 

0 herpes ^nts (e.g.. VZV, HSV 1, HAV OH, H ^^^.^.^ ,„^p,e^enlarity between the 

and Epstein Barr .^"".^ ™ virus. If a probe has more than one interrogation position, each 

flaviv ruses, echovirus, rhinovirus coxsacKie virus, a a Pf°°^" resoective nucleotide in the reference 
cornovirus, respiratory syncytial virus, mumps viru '^"''^^'^'^''^''^f^^^ i^ enogation position and 

cum virus, poliovirus, rabies vims, virus ^uu -lu piuu interrosation posit on and corre- 

encephaUtisU. other refe^nce^^^^^^^^ ^S -lS^^^^^^^ 

SSr=Xg1^=»^^^^ Tprob| in the J.t probe set and .nesponduig probes 

SkrSe1»^^^^ ^0 %:t;:::"rars.set.thereare f.^ 

rickettsial bacteria, myabacteria. staphylococci, treptocci. .^e present illustration, multiple corresponding probes torn 
oneumono^T meningococd and conococci. klebsiella. ^^^li^^.x probe sets. For instance, here are op .onally 
S o^s T^a la pseudomonas, legionella. diphtheria. bes corresponding to each nucleoUde of 
s Sua badl i, cholera, tetanus, botulism, anthrax. ^ference sequence. Each of the corresponding probe^^^^^^^^^^^^ 
p^a^^. lept-^pirosis. and Lymes disease bacteria. Other „ interrogation position aliped ^J.th that nud^^^^^^ 
reference sequences of interest include those in which ^st. Usually, the probes from the additional probe sete are 
mSns Zt k the following autosomal recessive dis- ideaifcal to the corresponding probe &om the firs probe set 
^deTs cWe ceU anemia, p-thidassemia, phenylketonuria, one exception. The exception that at the >nterTogation 

ajLtosemia Wa^n's disease, hemochromatosis, severe i,io„. ^bich occurs in the same position m "ch of the 
Sned mmunodeficiency, alpha-l-antitrypsin 30 ^responding probes from the t'°"''\P«'^„%^f 
deficiency, albinism, alkaptonuria, lysosomal storage dis- position is occupied by a different nuc^oUde m 
eases and Ehlers-Danlos syndrome. Other reference ^ponding probe sets. O'^er tiling strategies are also 
sequences of interest indude those in which mutations result employed, depending on the inforaiation to be obUiinea. 
in X-linked recessive disorders: hemophilia, glucose-6- ^^^^^^ oligonucleotide analogues which are 

Dhosphate dehydrogenase, agammaglobulimenia, diabetes 35 ^ (,1^ of hybridizing with a target nucleic sequence by 
insipidus, Usch-Nyhan syndrome, muscular dystrophy. ien,entary base-pairing. Complementary base pairing 

Wiskott-Aldrich syndrome, Fabry's disease and fragile .^^^^^^ sequence-specific base pairing, which comprises, 
X-syndrome. Other reference sequences of interest mcludes ^ Walson-Crick base pairing or other fomis ot base 
those in which mutations result in the following autosomal .^^^ ^^^.^ Hoogsteen base pairing. Hie probes are 
dominant disorders: familial hypercholesterolemia, polycys- 40 ^tt^^hed by any appropriate linkage to a support. 3 a tach- 
tic kidney disease, Huntington's disease, hereditary more usual as this orientation is compatible with me 

spherocytosis. Marfan's syndrome, von WiUebrand s .^^^ ^^^^j^,^ soUd phase synthesis of ohgo- 

disease, neurofibromatosis, tuberous sclerosis, hereditary nucleotides and oligonucleotide analogues (with the excep- 
hemorrhagic telangiectasia, famUial colonic polyposis. ^.^^ ^ g _ analogues which do not have a phosphate 
Ehlers-Danlos syndrome, myotonic dystrophy, muscular 45 backbone, such as peptide nucleic acids), 
dystrophy, osteogenesis imperfecta, acute intermittent pyamptps 
porphyria, and von Hippel-Lindau disease. tAAivn-Lj» 

Although an array of oUgonucleotide analogue probes is foUowing examples are provided by way of illustra- 

usuaUy laid down in rows and columns for simplified data ^.^^ ^y way of Umitalion. Avanety of param- 

processing, such a physical arrangement of probes on the 50 ^1^^ ^an be changed or modified to yield essenUally similar 
kd substrate is not essential. Provided that the spatial ^^^^^^ 

location of each probe in an array is known, the data trom ^j,„nich to enhancing oligonucleotide hybridization 

the probes is collected and processed to yield the sequence ^^^^^^^ (jj ,4,^ duplex formed 

of a target irrespective of the physical arrangement ot the p^^^e using oUgonucleotide 

probes on, e.g.. a chip. In processing the data, the hybnd- 55 ^^^^ ^^^^ ^^ j^^ease T„'s upon hybridiza- 

ization signals from the respective probes is assembled mto s E^^anced hybridization using oUgonudeoUde 

any conceptual array desired for subsequent data reducUon. j^^bed in the examples below, including 

whatever the physical arrangement of probes on tbe suo- ^^^^^^ hybridization in oligonudeotide arrays, 
strate. _ , , 

In one embodiment, a basic tiUng strategy provides an 60 Example 1 

array of immobilized probes for analysis of a latge' 0^8°" oligonucleotide meUing T„ 

nucleotide showing a high degree of sequent stmlaniy to 2'-0-methyl oUgonucleotide-analogues was 

one or more selected reference oligonudeotide (e.g.. detec J" °\ ; .j. corresponding DNA and RNA 

tionofapointmutationinatargetsequence)^For,ustan« •^^^^MMmon'^^^ 
a first probe set comprises a plurahty of probes exhibiting 65 ^"^^^f 2'-0-methyl oligonucleotide:RNA 

perfect'complementarity with a selected reference oUgo- ^-J"';"^^- J^'JJ',; ° ^,„ion w^ also determined, 
nucleotide. The perfect complementanly usually exists and kina.uin« y 



6,156,501 



17 



18 



The T„ was determined by varying the sample temperature 
and monitoring the absorbance of the sample solution at 260 
nm. The oligonucleotide samples were dissolved iii a O.IM 
NaCl solution with an oligonucleotide concentration of 2 
fiU. Table 1 summarizes the results of the experiment. The 
results show that the hybridization of DNA in solution has 
approximately the same T„ as the hybridization of DNA 
with a 2'-0-methyl-substituted oligonucleotide analogue. 
The results also show that the T„ for the 2'-0-methyI- 



rate of increase in intensity was then plotted for each probe 
position. The rate of increase in intensity was similar for 
both targets in the 8-mcr probe arrays, but the 12-mer probes 
hybridized more rapidly to the DNA target oligonucleotide. 

Plots of intensity versus probe position were generated for 
the RNA, DNA and 2-0-methyl oligonucleotides to ascer- 
tain mismatch discrimination. The 8-mer probes displayed, 
similar mismatch discrimination against all targets. The 
12-mer probes displayed the highest mismatch discrimina- 



substituTed oligonucleotide duplex iThigher than that for the lO Hon for the DNAtargets, followed by the 2'-0-methyl target, 

auudiuuiv^vi r , -.u *l- nM A ♦ «t c-t^^vinnn *hp nnnrexf mismatch diSCfimi- 



corresponding RNA:2'-0-methyl-substituted oligonucle 
otide duplex, which is higher than the T„ for the corre 
sponding DNA:DNA or RNA:DNA duplex. 

TABLE 1 

Solution Oligonucleotide Melting Experiments 
(+) - Target Sequence 
(S'-CrGAACGGTAGCArcriTGAC-aXSEQ ID NO: 6)« 

(-) « Complementary Sequence 
fSTTTrAAGATGCTACCGTrCAG-a'^ fSFO ID NO: 71* 



Type of Oligonucleotide, 
Target Sequence (+) . 



Type of Oligonucleotide, 
Complcmentar>' Sequence (+) 



DNA(+) 

DNA(+) 

2'0Me(+) 

2'0MeC+) 

RNAC+) 

RNAC+) 



DNA(-) 

2'0Me(-) 

DNA(-) 

Z-OiMcH 

DNAC-) 

2'0Me(-) 



61.6 
58.6 
61.6 
78.0 
58.2 
73.6 



*T refers to thymine for the DNA oiiBonucleolides, or uracil for the RNA 
oligonucleotides. 



Example 2 

Anay hybridization experiments with DNA chips and 
oligonucleotide analogue targets 

A variable length DNA probe array on a chip was 
designed to discriminate single base mismatches in the 3 
corresponding sequences 
5'-CrGAACGGTAGCATCTTGAC-3' (SEQ ID N0:6) 
(DNA target), 5'-CUGAACGGUAGCAUCUUGAC-3' 
(SEQ ID N0:8) (RNA target) and 
5'.CUGAACGGUAGCAUCUUGAC-3' (SEQ ID N0:9) 
(2'-0-methyl oligonucleotide target), and generated by the 
VLSIPS™ procedure. The Chip was designed with adjacent 
12-mers and 8-mers which overlapped with the 3 target 
sequences as shown in Table 2. 



with the RNA target showing the poorest mismatch discrimi- 
nation. 

Thermal equilibrium experiments were performed by 
hybridizing each of the targets to the chip for 90 minutes at 

15 S** C. temperature intervals. The chip was hybridized with 
the target in 5x SSPE at a target concentration of 10 nM. 
Intensity measurements were taken at the end of the 90 
minute hybridization at each temperature point as described 
above. All of the targets displayed similar stability, with 

20 minimal hybridization to the 8-mer probes at 30* C. In 
addition, all of the targets showed similar stability in hybrid- 
izing to the 12-mer probes. Thus, the 2'-0-methyl oligo- 
nucleotide target had similar hybridization characteristics to 
DNA and RNA targets when hybridized against DNA 

25 probes. 

Example 3 

2'-0-methyl-substituted oligonucleotide chips 
DMT-protected DNA and 2'-0-methyl phosphoramidites 
30 were used to synthesize 8-mer probe arrays on a glass slide 
using the VLSIPS™ method. The resulting chip was hybrid- 
ized to DNA and RNA targets in separate experiments. The 
target sequence, the sequences of the probes on the chip and 
the general physical layout of the chip is described in Table 
3. 

The chip was hybridized to the RNA and DNAtargets m 
successive experiments. The hybridization conditions used 
were 10 nM target, in 5x SSPE. The chip and solution were 
heated from 20' C. to 50" C., with a fluorescence measure- 
ment taken at 5 degree intervals as described in SN PCT/ 
US94/12305. The chip and solution were maintained at each 
temperature for 90 minutes prior to fluorescence measure- 
ments. The results of the experiment showed that DNA 
probes were equal or superior to 2'-0-methyl oligonucle- 
otide analogue probes for hybridization to a DNA target, but 
that the 2'-0-methyl analogue oligonucleotide probes 
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TABLE 2 



Array hybridization Experiments 



Target 1 (DNA) 

8-mcr probe (complement) 

12-mer probe (complement) 

Target 2 (RNA) 

8-mer probe (complement) 

12-mer probe (complement) 

Target 3 (2*-0-Mc oligo) 

8-mcr probe (complement) 

12-mer probe (complement) 



5'-CrGAACGGTAGCArCITGAC-3' (SEQ ID NO: 6) 



5'-CUGAACGGUAGCAUCUUGAC-3' (SEQ ID NO: 8) 



5'-CUGAACGOUAGCAUCUUGAC-3' (SEQ ID NO: 9) 



Target oligos were synthesized usmg standard techniques. 
The DNA and 2'-0-methyl oligonucleotide analogue target 
oligonucleotides were hybridized to the chip at a concen- 
tration of 10 nM in 5x SSPE at 20" C. in sequential 
experiments. Intensity measurements were taken at each 
probe position in the 8-mer and 12-m6r arrays over time. The 



showed dramatically better hybridization to the RNA target 
than the DNA probes. In addition, the 2'-0-methyl analogue 
oligonucleotide probes showed superior mismatch discrimi- 
nation of the RNA target compared to the DNA probes. The 
difference in fluorescence intensity between the matched and 
mismatched analogue probes was greater than the difference 
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20 



between the matched and mismatched DNA probes dra- 
matically increasing the signal-to-noise ratio HG. 1 dis- 
plays the results graphically (FIGS. 1 A and IB). W and (P) 
indicate mismatched and perfecUy matched probes, respec- 
tively (FIGS. IC and ID) iUustrates the fluorescence mten- 
sity versus location on an example chip for the various 
probes at 20*' C. using DNA and RNA targets, respectively. 

TABLES 



2'-0-niethyl Oligonucleotide Analogues on a Chip. 



Target Sequence (DNA): 
Target Sequence (RNA): 



5"-CrGAACGGTAGCArCTrGAC-3' 
(SEQ ID NO: 6) 

5'-CUGAACGGUAGCAUCUUGAC-3' 
(SEQ ID NO: 8) 

S'-CTTGOCAT (SEQ ID NO: 10) 



5'-CUUGCCAU (SEQ ID NO: 11) 



Matching DNA oligonucleotide 
probe {DNA (M)} 
Matching r-O-mcthyl 
oligonucleotide analogue probe 

{,X'4onLo.i<fc prob. with S'-CrrGCTAT (SEQ [D NO: 12) 

X.iyrot-coS' 5'.CUUGCUAU (SEQ ffi NO: 13) 

analogue probe with 1 base 

mismatch {2'OMe (M)} 

SCHEMAnC R EPRESENTATION OF r-O-METHYUDNA CHIP 

Matching 2'-0-methyl oligonucleotide analogue probe 
r-O-mcthyl oligonucleotide analogue probe with 1 base mismatch 
DNA oligonucleotide probe with 1 base mismatch 

Matching DNA oligonucleotide probe 



oligodeoxynucleotide arrays were constructed using 
Vl^lPS™ methodology and 5'-0-MeNP0C-protected 
deoxynucleoside phosphoramidites. Each array was com- 
prised of the following set of probes based on the sequence 
5 (3>CATCGTAGAA-(5')(SEQIDNO:l): 

1 iHEG)-(30-CArN,GTAGAA-(5') (SEQ ID N0:14) 

2 Wh3' -CArCNJAGAA-(5') (SEQ ID N0:l5) 
3.<HEG -(3' .CArCGN3AGAA-(5') (SEQ ID N0:16) 
4 <HEG)-(3>CArCGTN,GAA-(5') (SEQ ID N0:17) 

10 where HEG-hexaethyleneglycol linker, and N is either 
A G C or T so that probes are obtained which contam single 
mismatches introduced at each of four central locations in 
the sequence. The first probe array was constructed with all 
natural bases. In the second array, 2.amino.2 - 

15 deoxyadenosine (D) was used in place of adenosine (A)^ 
Both arrays were hybridized with a S'-fluorescein-labeled 
oligodeoxynucleotide target, (5 )-M-ci 
(CrGAACGGTAGCATCTrGAC).(30 (SEQ ID N0:18), 
which contained a sequence (in bold) complementary to the 

20 base probe sequence. The hybridization conditions were: 10 
nM target in 5x SSPE buffer at 22'* C. with agitation After 
30 minutes, the chip was mounted on the flowcell ot a 

■ scanning laser confocal fluorescence microscope, nnsed 
briefly with 5x SSPE buffer at 22'' C, and then a surface 

' 25 fluorescence image was obtained. 

The relative efficiency of hybridization of the target to the 
complementary and single-base mismatched probes was 
determined by comparing the average bound surface fluo- 

■ rescence intensity in those regions of the of the array 
30 containing the individual probe sequences. The results (HG. 

3) show that a 2-amino-2'-deoxyadenosine (D) substitution 
in a heterogeneous probe sequence is a relatively neutral 
one with UtUe effect on either the signal mlensity or the 
specificity of DNA-DNA hybridization, under conditions 



Example 4 

Synthesis of oligonucleotide analogues 

llie reagent MeNPoc-Cl group reacts non-selectively 

with both the 5' and 3' hydroxyls on 2'-0-methyl nucleoside specmciiy ui ui^r^-L,^^^ ^j^.^^^ , ~ 

I^irgues Thus, to generate high yields of 5'-0-MeNPoc- ^he target is in excess and the probes are saturated. 

r-O-methylribonucleoside analogues for use m oUgonucle- Example 6 

CprctTvT^^^^ otideprobesubsUtutedwith2-ammo-J-deoxyadenosmeW 

f *K« 0' n.mPthvlHhnnucleoside analogue in the presence 



llie protective group umi w<u» auw^,« - - r 

of the 2'-0-meihylribonucleoside analogue in the presence 
of pyridine. The resulting 5'-0-DMT protected analogue 
was reacted with TBDMS-Triflate in THF, resultmg in the 
addition of the TODMS group to the 3'-0 of the analogue^ 
The 5'-DMT group was then removed with TCAA to yield 
a free OH group at the 5' position of the 2'-0-methyl 



The following experiment was performed to compare the 
hybridization of 2'-d€Oxyadenosine containmg homopoly- 
mer arrays with 2-amino-2'-deoxyadenosine homopolymer 
arrays. The experiment was performed on two 11-mer oU- 
eodeoxynucleotide probe containing arrays. Two 11-mer 
. , .'J u„ vuPTP. wnthesized on 



ine 3 -UMi gfuup woa mwi* iwx^^.^- . godeoxynucieoiiuc piuLP*^ ' . 

a free OH group at the 5' position of the 2 -0-methyl ^ji d^oxynucleolide probe sequences were synthesized on 
ribonucleoside analogue, followed by the addition ot 45 ^ ^ ^ 5'.0-MeNP0C-protected nucleoside phos- 
MeNPoc-Cl in the presence of pyridine, to yield 5-0- , ^.^^(,3 standard VLSIPS™ methodology. 
MeNPoc-3'-0-TBDMS-2'-0-methyl ribonucleoside ana- pt^ora ^ (HEG)-(3>d 
logue. The TBDMS group was then removed by reac ion . ^hesequ^nc^^ P ^^^^^ ^^^^ 

wfth NaF. and the 3'.0H group was phosphitylated using J^^^ . ,,,,,^,^,0 or T T^e 

X':^:^'^^^^ strategies did not result in high ;^^ second p^^as the same, e.^^^^^^^^^ 



iwo oiner poieniiai s.udic^^i> wiw — - — 

specific yields of 5'-0-MeNPoc-2'-0-methylribonucleoside. 
■ In the first, a less reactive MeNPoc derivative was synthe- 
sized by reacting MeNPoc-Cl v^th N-hydroxy succunide to 
yield MeNPoc-NHS. This less reactive photocleavable 
group (MeNPocNHS) was found to react exclusively with 
the 3' hydroxyl on the 2'-0-m6thylribonucleoside analogue. 
In the second strategy, an organotin protection scheme was 
used. Dibutyltin oxide was reacted with the 2-u- 



secona prouc wda ^^^^j "^--f - » - 

2-amino.2'-deoxyadenosine (D). The chip was hybridized 
with a 5'-fluorescein-labeled oligodeoxynucleotide target, 
(5')-Fl-d(TnTrGTnTI)<30 (SEQ ID N0:20), which 
contained a sequence complementary to the probe sequences 
where N=C. Hybridization conditions were 10 nM target m 
5x SSPE buffer at 22* C. with agitation. After 15 minutes, 
the chip was mounted on the flowcell of a scanmng la^r 
confocal fluorescence microscope, rinsed bnefly with 5 x 



used. Uibutyiiin oxiae was "..^ - - contocai iiuuisavtuw u^,^.^^r-, - , 

methyWbonucleoside analogue followed by reaction wth gSPE buffer at 22° C. (low stringency), > surtace 
Soc. Both S'-O-MeNPoc and S'-O-MeNPoc 2'-0- fl^oresceno6 image was obtained. Hybnd.zation to the chip 



raethylribonucleoside analogues were obtained. 

Example 5 

Hybridization to mixed-sequence oHgodeoxynucleotide 
probes substituted with 2-amino-2'-deoxyadenosine (D) 

To test the effect of a 2-amino-2'-deoxyadenosm6 (D) 
substitution in a heterogeneous probe sequence, two 4x4 



fluorescence image was obtained. Hybndization to the chip 
was continued for another 5 hours, and a surface fluores- 
cence image was acquired again. Finally, the chip was 
washed briefly with Oix SSPE (high-stnngency), then with 
5x SSPE, and re-scanned. 

The relative efficiency of hybridizaaon of the target to the 
complementary and single-base mismatched probes was 
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roSngt bliduM nucleoside phosphoramidites. »«/he^alo^ 

4) indicate that substituting 2'.deoxyadenosine with and dl. The anay was comprised of the set ot prooes 
2-amino-2'-deoxyadenosine in a d(A)„ homopolymer probe ^ ^presented by the foUovving sequence: -(hnker)-C3 )-d(A 1 
sequence results in a significant enhancement in specific qjjq, G2 G3 Gj C G G G T)-(5'); (SEQ ID NO:28) 
hybridization to a comjplementary oligodeoxynucleotide ^here underlined bases are fixed, and the five mtemal 
sequence. dcoxyguanosines (G,. 5) are substituted with G, ddG, dl, and 

Example 7 T in aU possible (1024 total) combinations. A complemen- 

Hybridization .0 aUemating A-T oHgodeoxynucleo.idc .0 '^'y;/^-'^^^ 
p^bL substituted with 5-propyoyl-2'-deoxyundmc (P) and 5-end_ {gR^ J A A T A^^ ^^^^ 
2.an>ino.2'^eoxyadenosme W bybritotion conditions were: 5 nM target in 6x^^^^ 

2.^oxyrrsJieVc;:;Slana,^^^ ^^^'-f^rrt'^^^^^ 

fGlen Research) were used to synthesize two decanucleotide 15 mounted on the flowcel of an Affymettw s=a"?;^g ' 

nrobe ™ce on separate areason a chip usingamodifled confocal fluorescence microscope, rinsed once with 0.25 x 

Sips™ procedur?In Ibis procedure, a glass substrate is SSPE buffer at 22« C, and then a surface fluorescence miage 

initiaUy modified with a tenninal-MeNPOC-protected hexa- was acquired. 

ethyleneglycol linker. The substrate was exposed to light "efSciency" of target hybridization to each probe m 

through a mask to remove the protecting group from the ^ ^^^^ proportional to the bound surface fluorescence 

Unker in a checkerboard pattern. The first probe sequence j„,e„sjiy jn the region of the chip where the probe was 

was then synthesized in the exposed region usmg DMT- synthesized. The relative values for a subset of probes (those 

phosphoramidites with acid-deprotection cycles, and the j^Qt^j^ing dG-^dG and dG-dl substitutions only) are 

sequence was finally capped with (MeO)2PNiPr2/tetrazole ^^^^^ ^ Substitution of guanosine with 

followed by oxidation. Asecond checkerboard exposure in ^ within the internal run of five G's results 

a different (previously unexposed) region of the chip was .^^cial enhancement in the fluorescence signal 

then performed, and the second ptobe sequence w^ syn- ^^JJ"';,^^ hybridization. Deoxyinosine sub- 

thcsized by 'hef- Pn^«-^ SnsX enhance hybridization to the probe, but to a 

HHeS!(3>^^^^^ (SEQ ID NO:22) V-deaza-dG, with the substitutions distributed evenly 

2'.(HEGW3')-d(APAPAAPAPA)-(5') {SEQ ID NO:23) throughout the run (i.e., alternating dG/deaza-dO}. 
3;-(HEG)-(3>cl(DTDTDDTDTDH5')(SEQIDNO:24) 

4.-(HEGH3>d(DPDPDDPDPD)-(5') (SEQ ID NO:25) ^ Example 9 

where HEG-hexaethyleneglycol linker, A«r- 35 « . 5'.MeNPOC-2'-deoxyinosine-3'-(N,N- 

deoxyadenosine T^thymidine D=2.amino-2. ^^^J 1.2^ t^^^^^^ 

deoxvadenosine, and P=5-propynyl-2'-deoxyundine. Each aui»oprupyi ^-vjfau j f , cn^i 

Swrihen hybridized in ablution of a fluorescein- 2'-deoxyinosine (5.0 g. 20 mmole) was dissolved m 50 m^^ 

labeled oligodeoxynucleotide target, (5')-Fluorescein-d of dry DMF. and 100 ml dry pyndine w^ added and 

(TArAITArAr)-(HEG)-d(GCGCGGCGCG)-(3') (SEQ ID evaporated three times to dry the solution Another 50ml 

NO-26 and SEQ ID NO:27), which is complementary to pyridine was added, the solution was cooled to -ZU u 

both the A/T and G/C probes. The hybridization conditions y„i„ argon, and 13.8 g (50 mmole) of MeNPOC-chlonde 

were: 10 nM target in 5x SSPE bufi'er at 22° C. with gentle ^ 20 ml dry DCM was then added dropwise with stirring 

shaking. After 3 hours, the chip was mounted on the flowcell ^^^j gg minutes. After 60 minutes, the cold bath was 

of a scanning laser confocal fluorescence microscope, rinsed removed, and the solution was allowed to stir overnight at 

briefly with 5x SSPE buffer at 22° C. and then a surface temperature. Pyridine and DCM were removed by 

fluorescence image was obtained. Hybridization to the chip evaporation. 500 ml of ethyl acetate was added, and the 

was continued overnight (total hybridization time-20hr), ^i^^iq^ was washed twice with water and then with brine 

and a surface fluorescence image was acquired again. „qq ^^^-^ j^e aqueous washes were combined and 

TherelativeefSciency of hybridization of the ^tget to the L . ^^gd twice with ethyl acetate, and then all of the 

AA-andsubstitutedA/T probes wasdetenninedby<».np^^ 50 WCK ^^bi^ed. dried with Na,SO,. and 

2-amino-dA substimtion in an A/T-rich probe significantly 55 accordmg to H-NMR and HPLC analysis), 

enhances the affinity of an oligonucleotide analogue for The MeNPOC-nucleoside (2.5 g, 5.1 mmole) was sus- 

complementary target sequences. The uosubstituted AyT- pended in 60 ml of dry CHaCN and phosphitylated with 

probe bound only 20% as much target as the aU-G/C-probe 2-cyanoethyl-N,N,N',N'-tetraisopropylphosphorodianQidite 

of the same length, while the D- & P-substituted A/T probe 55 g/1.66 ml; 5.5 mmole) and 0.47 g (2.7 mmole) ot 

bound nearly as much (90%) as the G/C-probe. Moreover, diisopropylammonium tetrazolide, according to the pub- 

the kinetics of hybridization are such that, at early times, the ^^^^ procedure of Barone, et al. (Nucleic Acids Res. (1984) 

amount of target bound to the substituted A/T probes 4051-61). The crude phosphoramidite was purified by 

exceeds that which is bound to the all-G/C probe. chromatography on sUica gel (90:8:2 DCM-McOH- 

Example 8 EtjN), co-evaporated twice with anhydrous acetonitrik and 
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Example 10 

Synthesis of 5'-MeNPOC-7-deaza-2'-deoxy(N2- 
isobutyryl)-guanosine-3HN,N-diisopropyl-2-cyanoethyl) 

phosphoramidite. 

The protected nucleoside 7-deaza.2'-deoxy(N2- 
isobutyryl)guanosine (1.0 g, 3 mmole; Chemgenes Corp., 
Waltham, Mass.) was dried by co-evaporating three tunes 
with 5 ml anhydrous pyridine and dissolved in 5 ml of dry 
pyridine-DCM (75:25 by vol.). The solution was cooled to 
-45' C (dry ice/CHaCNO under argon, and a solution of 0.9 
g (3 3 mmole) MeNPOC-Cl in 2 ml dry DCM was then 
added dropwise with stirring. After 30 minutes, the cold bath 
was removed, and the solution allowed to stir overmght at 
room temperamre. The solvents were evaporated, and the 
crude material was purified by flash chromatography on 
silica gel (2.5%-5% MeOH in DCM) to yield 1.5 g (88% 
yield) 5'.MeNPOC-7-dcaza.2'-deoxy(N2-isobutyryl) 
guanosine as a yellow foam. The product was 98% pure 
according to 'H-NMR and HPLC analysis. jo 

The MeNPOC-nucleoside (1.25 g, 2.2 mmole) was phos- 
phitylated according to the published procedure of Barone, 
et al. (Nucleic Acids Res, (1984) 12, 405 Wl). The crude 
product was purified by flash chromatography on silica gel 
(60:35:5 hexane-ethyl acetate-EtsN), co-evaporated twice 25 
with anhydrous acetonitrile and dried under vacuum for -24 
hours to obtain 1.3 g (75%) of the pure product as a yellow 
solid (98% purity as determined by 'Hf 'P-NMR and 
HPLC). 

Example 11 

Synthesis of 5'-McNPOC-2,6-bis(phenoxyacctyl) -2,6- 
diaminopurine-2'-deoxyriboside-3'-(N.N-diisopropyl-2- 
cyanoethyl)phosphoramiditc. 

The protected nucleoside 2,6-bis(phenoxyacetyl) -2,6- 35 
diaminopurine-2'-deoxyriboside (8 mmole, 4.2 g) was dried 
by coevaporating twice from anhydrous pyridine, dissolved 
in 2:1 pyridine/DCM (17.6 ml) and then cooled to -40" C. 
MeNPOC-chloride (8 mmole, 2.18 g) was dissolved in 
DCM (6.6 mis) and added to reaction mbcmre dropwise. The 40 
reaction was allowed to stir overnight with slow warming to 
room temperature. After the overnight stirring, another 2 
mmole (0.6 g) in DCM (1.6 ml) was added to the reaction 
at -40° C. and stirred for an additional 6 hours or until no 
unreacted nucleoside was present. The reaction mixture was 45 
evaporated to dryness, and the residue was dissolved in ethyl 
acetate and washed with water twice, followed by a wash 
with saturated sodium chloride. The organic layer was dried 
with MgSO^, and evaporated to a yellow soUd which was 
purified by, flash chromatography in DCM employing a 
methanol gradient to elute the desired product in 51% yield. 

The 5'-MeNPOC-nucleoside (4.5 mmole, 3.5 g) was 
phosphitylaled according to the published procedure of 
Barone, ct al. (Nucleic Acids Res. (1984) 12, 4051-61). The 
crude product was purified by flash chromatography on 55 
siUca gel (99:0.5:0.5 DCM-MeOH-EtgN). The pooled frac- 
tions were evaporated to an oil, redissolved in a minimum 
amount of DCM, precipitated by the addition of 800 ml ice 
cold hexane, filtered, and then dried under vacuum for -24 
hours. 

Overall yield was 56%, at greater than 96% purity by 
HPLC and ^H/'^P-NMR. 

Example 12 

5'-0-MeNPOC-protected phosphoramidites for inoorpo- 65 
rating 7-deaza-2'deoxyguanosine and 2'-deoxyinosine into 
VLSSIPS''" Oligonucleotide Arrays 
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VLSIPS oligonucleotide probe arrays in which all or a 
subset of aU guanosine residues are substitutes with 7-deaza- 
2'-deoxyguanosine and/or 2'-deoxyinosine are highly desir- 
able. This is because guanine-rich regions of nucleic acids 
associate to form multi-stranded structures. For example, 
short tracts of G residues in RNA and DNA commonly 
associate to form tetrameric structures (Zimmermann et al. 
(1975) J. Mol Biol 92: 181; Kim. J. (1991) Nature 351: 
331; Sen et al. (1988) Nature 335: 364; and Sunquist et al. 
(1989) Nature 342: 825). Hie problem this poses to chip 
hybridization-based assays is that such structures may com- 
pete or interfere with normal hybridization between comple- 
mentary nucleic acid sequences. However, by substimiing 
the 7-deaza-G analog into G-rich nucleic acid sequences, 
particulariy at one or more positions within a run of G 
residues, the tendency for such probes to form higher-order 
structures is suppressed, while maintaining essentially the 
same affinity and sequence specificity in double-stranded 
structures. This has been exploited in order to reduce band 
compression in sequencing gels (Mizusawa, et al. (1986) 
N.A.R. 14: 1319) to improve target hybridization to G-rich 
probe sequences in VLSIPS arrays. Similar results are 
achieved using inosine (see also, Sanger et al. (1977) 
P.N.A.S. 74: 5463). 

For facile incorporation of 7-deaza-2'-deoxyguanosine 
and 2*-deoxyinosine into oligonucleotide arrays using 
VLSIPS™ methods, a nucleoside phosphoramidite compris- 
ing the analogue base which has a 5'-0'-MeNP0C- 
protecting group is constructed. This building block was 
prepared from commercially available nucleosides accord- 
ing to Scheme I. These amidites pass the usual tests for 
coupling efficiency and photolysis rate. 




MeNPOC-a/pyridine^ 



N NH-ibu 



HO 



50 



McNPOC-O 



^1 




60 



McNFOC-O^^^'^ ^ ^ 
HO 




'NH-ibu 



(iPr2N)2POCEAPr2NH/rEr^ 



McNPOC- 
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CEP 



Although the foregoing invention has been described in 
some detaa by way of iUustr ation and example for purposes 
of clarity of understanding, modifications can be made 
thereto without departing from the spirit or scope of the 
appended claims. 



All publications and patent applications cited in this 
10 appUcation are herein incorporated by reference for all 
purposes as if each individual pubUcation or patent appU- 
cation were specifically and individually indicated to be 
incorporated by reference. 



SEQUENCE LISTING 



(1) GENERAL INFORMATION: 

(iii) NUMBER OF SEQUENCES: 29 



(2) INFORMATION FOR SEQ ID HO:li 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 10 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESSi single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA 
■. (xi) SEQUENCE DESCRIPTION: SEQ ID NO: I: 

10 

AAGATGCTAC 

(2) INFORMATION FOR SEQ ID N0:2: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 11 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

<ii) MOLECULE TYPE: DNA 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:2: 

11 

AAAAANAAAA A 



(2) INFORMATION FOR SEQ ID NO: 3: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 10 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:3: 

10 

ATATAATATA 

(2) INFORMATION FOR SEQ ID N0;4j 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 10 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 
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■continued 



(ii) MOLECULE TVPE: DNA 
(xi) SEQUENCE DESCRIPTION: SEQ ID W0:4: 
CGCGCCGCGC 



(2) INFORMATION FOR SEQ ID NO: 5: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 15 base pairs 

(B) TYPE: nucleic ocid 
{C) STRANDEDNESS: single 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA 

(ix) FEATURE: 

(A) NAME/KEY: itiodifie(t.base 

(B) LOCATION: 6.. 10 

(D) OTHER INFORMATION: /motLbase- OTHER 
/note- *N - guanosine <G), 
2 ' , 3 ' -dideoxyguanine (ddG) , 
2 ' -deoxyiiiosine (dl) or thymiJie (T)" 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:5: 

TGGGCNNNNN TTGTA 



(2) INFORMATION FOR SEQ ID NO: 6: 

(1) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 base pairs 

(B) TYPE: nucleic acid 

(C) . STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA 

(ix) FEATURE: 

(A) NAME/KEY: - 

(B) LOCATION: 1..20 

(D) OTHER INFORMATION:- /note- "Torget DNA sequence 
(xi) SEQUENCE DESCRIPTION; SEQ ID N0:6: 
CTGAACGGTA GCATCTTGAC 



(2) INFORMATION FOR SEQ ID NO: 7: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE! DNA 

(ix) FEATURE: 

(A) NAME/KEY: - 

(B) LOCATION: 1..20 

(D) OTHER INFORMATION: /note- -Complementary DNA sequence 
(xi) SEQUENCE DESCRIPTION: SEQ ID N0:7: 
GTCAAGATGC TACCGTTCAG 



(2) INFORMATION FOR SEQ ID NO: 8: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 
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(ii) MOLECULE TYPE: RNA 

(ix) FEATURE: 

(A) NAME/KEY: - 
iTi\ LOCATION: l.«20 

Jd) OTHER IKFORMATION: /noteo "Target RNA sequence" 
(xi) SEQUENCE DESCRIPTION: SEQ ID N0:8i 
CUGAACGGOA GCAUCUUGAC 



(2) INFORMATION FOR SEQ ID NO: 9: 



(i) SEQUENCE CHARACTERISTICS! 

(A) LENGTH: 20 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

fill MOLECULE TYPE: other nucleic acid ^^i^^,, 
* ' (A) DESCRIPTION: /desc - -2'-0-methyl oligonucleotide 



(ix) FEATURE: 

(A) NAME/KEY: modified-base 

(B) LOCATION: 1 

(D) OTHER INFORMATION: /mod.ba6e- cm 

(ix) FEATURE: 

(A) NAME/KEY: modified,baee 

(B) LOCATION: 2 

(D) OTHER INFORMATION: /mod.base=. urn 



(ix) FEATURE: 

(A) NAME/KEY: modified_base 

(B) LOCATION: 3 

(D) OTHER INFORMATION: /itiod^base- gm 



(ix) FEATURE: 

(A) NAME/ KEY: mcdified„base 

(B) LOCATION: 4 

(D) OTHER INFORMATION: /mod_ba6e- OTHER 
/note- "2 ' -O-methyladenosine" 



(ix) FEATURE: 

(A) NAME /KEY: modified-base 

(B) LOCATION: 5 

(D) OTHER INFORMATION: /moi.baBe= OTHER 
/note- "2 ' -O-methyladenosine" 



(ix) FEATURE: 

(A) NAME/KEY: modified-base 

(B) LOCATION: 6 

(D) OTHER INFORMATION: /modjjase- cm 



(ix) FEATURE: 

(A) NAME/KEY: modifiedjjase 

(B) LOCATION: 7 

(D) OTHER INFORMATION: /mod_ba8e- gm 

(ix) FEATURE: 

(A) NAME/KEY: iaodified_base 

(B) LOCATION: 8 

(D) OTHER INFORMATION: /mod^base- gm 



(ix) FEATURE: 

(A) NAME/KEY: modified_ba8e 

(B) LOCATION; 9 

(D) OTHER INFORMATION: /moi.base- um 

(ix) FEATURE: 

(A) NAME/KEY: modified-base 

(B) LOCATION: 10 

(D) OTHER INFORMATION: /mod^baae- OTHER 
/note- "2 ' -O-methyladenosine" 
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(ix) FEATURE: 

(A) NAME/KEY: jnodified.base 

(B) LOCATION: 11 . 

(D) OTHER IKFORMATION: /modjsase- gm 

(ix)" FEATURE! 

(A) NAME/KEY: modified.base 

(B) LOCATION: 12 

(D) OTHER INFORMATION: /modl^ase- cm 



(ix) FEATURE: 



'EATURE : 

(A) NAME/KEY: niodified_baBe 

(B) LOCATION: 13 

(D) OTHER' INFORMATION: /mocLbase- OTHER 
/note- *2'-0-methyladeno8ine" 



(ix) FEATURE: 

(A) NAME/KEY: modified.base 

(B) LOCATION: 14 

(D) OTHER INFORMATION: /mod^base- urn 

(ix) FEATURE: 

(A) NAME /KEY: modified_base 

(B) LOCATION! 15 

(D) OTHER INFORMATION: /modJjase- cm 



(ix) FEATURE: 

(A) NAME/KEY: inodified_base 

(B) LOCATION: 16 

(D) OTHER INFORMATION: /mo4.ba6e= urn 



(ix) FEATURE: 

(A) NAME/KEY: modified_base 

(B) LOCATION: 17 

(D) OTHER INFORMATION: /mod^baee- um 

(ix) FEATURE: 

(A) NAME/KEY: inodified_base 

(B) LOCATION: 18 

(D) OTHER INFORMATION! /mod-base-i gm 

(ix) FEATURE: 

(A) NAME/KEY! modified^base 

(B) LOCATION: 19 

(D) OTHER INFORMATION: /mod^base- OTHER 
/note= -2 '-O-methyl adenosine" 



(ix) FEATURE: 

(A) NAME /KEY! modified_base 

(B) LOCATION: 20 

(D) OTHER INFORMATION: /niod.ba6e- cm 



(ix) FEATURE: 

(A) NAME/KEY: - 

(B) LOCATION: 1..20 

(D) OTHER INFORMATION: /note- ''Target 2 -0-methyl 
oligonucleotide sequence" 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 9: 

NNNNNNNNNN NNNNNNNNNN 



(2) INFORMATION FOR SEQ ID NO: 10: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH! 8 base pairs 

(B) TYPE! nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 



(ii) MOLECULE TYPE: DNA 



(ix) FEATURE: 

(A) NAME/KEY: - 

(B) LOCATION: 1..8 

(D) OTHER INFORMATION: 
probe" 



/note- "Matching 



DNA oligonucleotide 
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(xi) SEQUENCE DESCRIPTION: SEQ ID HO: 10: 
CTTGCCAT 

(2) INFORMATION FOR SEQ ID NO: 11 i 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH! 8 baae pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(Li) MOLECULE TYPE: other nucleic acid i^i-JHo" 
* (A) DESCRIPTION: /deBC - "2 " -O-methyl oligonucleotide 

(dx) FEATURE: 

(A) NAME/KEY: modified_baBe 

(B) LOCATION: 1 

|D) OTHER INFORMATION: /mod.baBe- cm 

(ix) FEATURE; 

(A) NAME/KEY: modified_base 

(B) LOCATION: 2 

(D) OTHER INFORMATION: /mod.baae- urn 

(ix) FEATURE: 

(A) NAME/ KEY; inodified_ba6e 

(B) LOCATION: 3 

(D) OTHER INFORMATION: /mod^base- um 

(ix) FEATURE: 

(A) NAME/KEY: modified-base 

(B) LOCATION: 4 

(D) OTHER INFORMATION: /mod^baee- gm 

(ix) FEATURE: 

(A) name/ KEY: modified-base 

(B) LOCATION: 5 

(D) OTHER INFORMATION: /niod.baBe- cm 

(ix) FEATURE: 

(A) NAME/KEY: modified.base 

(B) LOCATION: 6 

(D) OTHER INFORMATION: /mod^base- cm 

(ix) FEATURE: 

(A) NAME/KEY: modified_base 

(B) LOCATION: 7 

(D) OTHER INFORMATION: /mod^base- OTHER 
/note- -2'-0-methyladeno8ine'' 

(ix) FEATURE: 

(A) NAME/KEY: modifiedJjase 

(B) LOCATION: 8 

(D) OTHER INFORMATION: /mod_baBe- um 

(ix) FEATURE: 

(A) NAME/KEY: - 

(B) LOCATION: 1..8 ^. « 

(D) OTHER INFORMATION: /note- -Matching 2 -0-methyl 
oligonucleotide analogue probe" 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:U: 



(2) INFORMATION FOR SEQ ID NO: 12: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 8 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE* DNA 



(ix) FEATURE: 
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(A) NAME/KEV: - 
{B) LOCATION: 1..8 
(D) OTHER INFORMATION: /note= 
with 1 base luiematch" 



-continued 



-DNA oligonucleotide probe 



(Xi) SEQUENCE DESCRIPTION: SEQ ID N0:12: 
CTTGCTAT 



(2) INFORMATION FOR SEQ ID N0:l3: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 8 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 



(ii) MOLECULE type: other "^^^^i^^, *f ^^^i^^^ oligonucleotide" 
(A) DESCRIPTION: /desc - 2 -O-mettiyi oxx^ 

(ix) FEATURE: 

(A) NAME/KEY: modifiedjjaee 

(B) LOCATION: 1 . , ^ 

(D) OTHER INFORMATION: /modJ)a6e- cm 

(ix) FEATURE: 

(A) NAME/KEY: modified^base 
(Bl LOCATION: 2 

(D) OTHER INFORMATION: /mod^base- um 

(ix) FEATURE: ..^ ^ u « 

(A) NAME/KEY: modified^base 

(B) LOCATION: 3 

(D) OTHER INFORMATION: /ttiod.base- um 

(ix) FEATURE: 

(A) NAME/KEY: modified_ba6e 

(B) LOCATION: 4 

(D) OTHER INFORMATION: /mod_ba6e= gm 

(ix) FEATURE: 

(A) NAME /KEY: inodified_baBe 

(B) LOCATION; 5 

(D) OTHER INFORMATION: /mod-base- cm 

(ix) FEATURE: 

(A) NAME/KEY: modifiedjsase 
IB) LOCATION: 6 

(D) OTHER INFORMATION: /mod-base- um 

(ix) FEATURE: 

(A) NAME/KEY: modified-baae 

(B) LOCATION: 7 «™t,pn 
D) OTHER INFORMATION: /mod^base- OTHER 

/note- «2'-0-methyladenoBine'' 

(ix) FEATURE: ^ ^ 

(A) NAME/KEY: modified_base 

(B) LOCATION: 8 

(D) OTHER INFORMATION: /mod^base- um 

(ix) FEATURE: 

(A) NAME/KEY: - 

SfH™0^?i0N: /note- -2'-0-methyl oligonucleotide 
analogue probe with 1 base mismatch 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 13: 
NNNNNNNN 



(2) INFORMATION FOR SEQ ID NO: 14: 

(i) SEQUENCE CHARACTERISTICS; 

(A) LENGTH: 10 base pairs 

(B) TYPE: nucleic acid 
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(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 



-continued 



( ii ) MOLECULE TYPE : DHA 

(ix) FEATURE: ..^ ^ v - 

(A) NAME/KEY: inodifieOaBe 

IB) LOCATION: 10 

D> OTHER INFORMATION: /mocLbase- OTHER 
/note- -N - cytosine covalently 
modified at the 3' phosphate group with 
a hexaethyleneglycol (KEG) linker 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:14: 

AAGATGNTAN 



(2) INFORMATION FOR SEQ ID N0:15i 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTHS 10 base pairs 

(B) TYPE: nucleic acid 

(C) STRAMDEDNESSs single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA 

(ix) FEATURE: 

(A) NAME/KEY: modifiecLbase 

(B) LOCATION: 10 , , ^ OTHER 
D) OTHER INFORMATION: /mod.base. OTHER 

/noteo -N - cytosine covalently modified 

at the 3* phosphate group with a 

hexaethyleneglycol (HEG) linker" 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0il5: 

AAGATNCTAN 



(2) INFORMATION FOR SEQ ID NO: 16: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 10 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS; single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA 



(ix) FEATURE: 

(A) NAME/ KEY: modifiea_base 

(B) LOCATION: 10 ^mrmr, 
D) OTHER INFORMATION: /nioi.base- O^HER 

/note- -N . cytosine covalently modified 
at the 3' phosphate group with a 
hexaethyleneglycol (HEG) linker" 

(xi) SEQUENCE DESCRIPTION: SEQ ID HO: 16: 

AAGANGCTAN 



(2) INFORMATION FOR SEQ ID NO: 17: 

(i) SEQUENCE CHARACTERISTICS; 

(A) LENGTH: 10 base pairs 

(B) TYPE:' nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA 

(ix) FEATURE: 

(A) NAME /KEY: inodifiBd_base 

(B) LOCATION; 10 «n«™n 
(D) OTHER INFORMATION: /moi.ba6e- OTHER 

/note- *H - cytosine covalently modified 
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at the 3* phosphate group with a 
hexaethyleneglycol (HEG) Ixnker" 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:17: 

AAGNTGCTAN 

(2) INFORMATION FOR SEQ ID NO: 18: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH! 20 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA 

(ix) FEATURE: 

(A) NAME /KEY: modified^base 
(B^ LOCATION: 1 

D) OTHER INFORMATION: , .f.^. 

/note- "N - cytosine covalently modified 
at the 5' phosphate group with a 
fluorescein molecule" 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:18: 

NTGAACGGTA GCATCTTGAC 



(2) INFORMATION FOR SEQ ID N0:19: 

(i) SEQUENCE CHARACTERISTICS: 
{A) LENGTH: 11 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA 



(ix) FEATURE: ^ ^ 

(A) NAME/KEY: modified-base 

(B) LOCATION: 11 „«,„r.t> 
(D) OTHER INFORMATION: /moi.base- OTHER 

/note- "N - adenine covalently modified 

at the 3' phosphate group with a 

hexaethyleneglycol (HEG) linker" 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 19: 



AAAAANAAAA N 



(2) INFORMATION FOR SEQ ID NO: 20: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 11 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA 



(ix) FEATURE! 

(A) NAME /KEY: modified_base 

(B) LOCATION: 1 

m\ OTHER INFORMATION! /mod.base- OTHER 

/note- "N - thymine covalently modified 
at the 5* phosphate group with a 
fluorescein molecule" 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 20: 



NTTTTGTTTT T 
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(2) INFOWIATION FOR SEQ ID NO: 21: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 10 base pairs 

(B) TYPE: nucleic acid , 

(C) STRANDEDNESS: eingle 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA 

(ix) FEATURE: 

(A) NAME/KEY: modified_base 

(B) LOCATION: 10 

(D) OTHER INFORMATION: /mocLbaBe- OTHER 

/note- -N - cytosine covalently aiodified 
at the 3' phosphate group with a 
hexaethyleneglycol (HEG) linker" 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:21: 



CGCGCCGCGN 



(2) INFORMATION FOR SEQ ID NO: 22: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 10 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

fiil MOLECULE TYPE: other nucleic acid 

* (A) DESCRIPTION: /desc - -2 ' -deoxynucleosxde/nucleosxde 

analogue decanucleotide probe" 

(ix) FEATURE: 

(A) NAME/KEY: modified^base 

(B) LOCATION: 1 

(D) OTHER INFORMATION: /mod^base- OTHER 
/note- *N - 2 • -deoxyadenosine" 



(ix) FEATURE: 

(A) NAME/KEY: modified_base 

(B) LOCATION: 3 

(D) OTHER INFORMATION: /mod^base- OTHER 
/note- 'N - 2 • -deoxyadenosine" 

(ix) FEATURE: 

(A) NAME/KEY: modified_baBe 

(B) LOCATION: 5 

(D) OTHER INFORMATION: /niod.ba6e- OTHER 
/note- "N - 2 ' -deoxyadenosine" 

(ix) FEATURE: 

(A) NAME/KEY: modified.base 

(B) LOCATION: 6 

(D) OTHER INFORMATION: /mod-base- OTHER 
/note- "N = 2 ' -deoxyadenosine" 



(ix) FEATURE: 

(A) NAME/KEY: modified_base 

(B) LOCATION: 8 

(D) OTHER INFORMATION: /mod-base- OTHER 
/note- "N - 2 ' -deoxyadenosine" 



(ix) FEATURE: 

(A) NAME/KEY: inodified_base 

(B) LOCATION: 10 

(D) OTHER INFORMATION: /mo4.baBe- OTHER 

/note- *N - 2 '-deoxyadenosine covalently 
modified at the 3' phosphate group with 
a hexaethyleneglycol (HEG) linker" 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:22: 



NTNTNNTNTN 
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(2) INFORMATION FOR SEQ ID NO: 23: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 10. base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: Bingle 

(D) TOPOLOGY: linear 

/iil MOLECULE TYPE! Other nucleic acid 

* ' (A) description: /deec - "2 ■-deoxynucleoside/nucleoeide 
analogue decanucleotide probe" 



(ix) feature: 

(A) NAME/KEY: modified-baee 

(B) LOCATION: 1 

(D) OTHER INFORMATION: /mod.ba6e» OTHER 
/note= *N - 2 ' -deoxyadenosine" 



(ix) feature: 

(A) NAME /KEY: modifiedJ>ase 



(B) LOCATION: 2 
(D) OTHER INFORMATION: /mod^base- OTHER 

/note- -N - 5-propynyl-2'-deoxyuridine'' 



(ix) FEATURE: 

(A) NAME/KEY: iiiodified_base 

(B) LOCATION: 3 

(D) OTHER INFORMATION: /moi.base- OTHER 
/note- "N - 2 '-deoxyadenosine" 



(ix) FEATURE: 

(A) NAME/ KEY: modified_basB 

(B) LOCATION: 4 

(D) OTHER INFORMATION: /nioi.base- OTHER 

/note- -N - 5-propynyl-2'-deoxyuridine" 



(ix) FEATURE: 

(A) NAME/KEY: modified_base 

(B) LOCATION: 5 

(D) OTHER INFORMATION: /mod_baBe- OTHER 
/note- "N - 2 '-deoxyadenosine" 



(ix) FEATURE: 

(A) NAME/KEY: modifiedJjase 

(B) LOCATION: 6 



(D) OTHER INFORMATION: /mod^base- OTHER 
/note- "N - 2 '-deoxyadenosine" 



(ix) FEATURE: 

(A) NAME/KEY: modified-base 

(B) LOCATION: 7 

(D) OTHER INFORMATION: /mod.ba8e- OTHER 

/note- -N - 5-propynyl-2'-deoxyuridine" 



(ix) FEATURE: 

(A) NAME/KEY: modified_base 

(B) LOCATION: 8 

(D) OTHER INFORMATION: /modJ>ase= OTHER 
/note" "N - 2 ' -deoxyadenosine" 

(ix) FEATURE: 

(A) NAME /KEY: modlfiecUjaBe 

(B) LOCATION: 9 

(Dl OTHER INFORMATION: /mod^base- OTHER 

/note- -N - 5-propynyl-2'-deoxyuridine" 

(ix) FEATURE: 

(A) NAME /KEY: modified-baee 

(B) LOCATION: 10 

(D) OTHER INFORMATION: /mod.base- OTHER 

/note- "N - 2 '-deoxyadenosine covalently 
modified at the 3' phosphate group with 
a hexaethyleneglycol (HEG) linker" 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:23: 



NNNNNNNNNN 
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) INFORMATION FOR SEQ ID NO: 24: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 10 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

analogue decanucleotide probe 

(ix) FEATURE: 

(A) NAME/KEY: inodified_ba6e 

!nl S^hS ^FOmTIOH: /mocLbase- OTHER 

rix^ FEATURE: 

^ (A) NAME/KEY: modifiecLbase 

(B) LOCATION! 3 , J K.<.o OTHER 
D OTHER INFORMATION: /raod.base- OTHER 

* * /note- -N - 2-andno-2'-deoxyadeno6ine 

(ix) FEATURE: ^ ^ 

(A) NAME/KEY! modified_ba5e 

(B) LOCATION: 5 y j v,.«„ nTHER 

(ixl FEATURE: ^ ^ 

(A) NAME/KEY: modified^base 

%\ S?Sr'?n;oLaTION: /.ocLbase- OTHER 

/note- "N - 2-amino-2"-deoxyadenosine 

(ix) FEATURE: ' , 

(A) NAME/KEY: modified-base 

(B) LOCATION: 8 , ^ ^-o- OTHER 
D OTHER INFORMATION: /mod_bafle- OTHER ^ 

* /note- "N - 2-andno-2'-deoxyadenosine 

(ix) FEATURE: 

(A) NAME/KEY: modified^base 
(B^ LOCATION: 10 

D) OTHER INFORMATION: /iaod.base- OTHER 

* /note- -N - 2-amino-2'-deoxyadenoBine 
covalently modified at the 3 
phosphate group with a 
hexaethyleneglycol (HEG) linker 

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO:24: 



NTNTNNTNTN 



(2) INFORMATION FOR SEQ ID NO: 25: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 10 base pairs 

(B) .TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

analogue decanucleotide probe" 

(ix) FEATURE: 

(A) NAME /KEY: modifiedjjaee 

(B) LOCATION: I , ^ u otht-b 
D OTHER INFORMATION: /mod.base- OTHER 

* /note- -N - 2-amino-2'-deoxyadenoBine 

(ix) FEATURE: , u „ 

(A) NAME/KEY: modified.base 

(B) LOCATION: 2 , ^ k-« OTHER 

D) OTHER INFORMATION: ^"^^5?"^" ^^^^^e" 
/note- "N - 5-propynyl-2'-deoxyuridine 
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(ix) FEATURE: 

(A) NAME/KEY: modified_ba8e 

(B) LOCATION: 3 , 

(D) OTHER INFORMATION: /mocLbaee- OTHER 

/note- -N - 2-andno-2'-deoxyadenoBine" 

(ix) FEATURE: 

(A) NAME/KEY: modified^base 

(B) LOCATION: 4 

(D) OTHER INFORMATION: /mod^base- OTHER 

/note- "N - 5-propynyl-2'-deoxyuridine- 

(ix) FEATURE: 

(A) NAME/KEY; inodified_base 

(B) LOCATION: 5 

(D) OTHER INFORMATION: /mod.ba8e= OTHER 

/note- -N - 2 -amino-2'-deoxy adenosine" 

(ix) FEATURE: 

(A) NAME/KEY: modified_base 

(B) LOCATION: 6 

(D) OTHER INFORMATION: /mod^base- OTHER 

/note- "N - 2-amino-2'-deoxy adenosine" 

(ix) FEATURE: 

(A) NAME/KEY: modified^base 

(B) LOCATION: 7 

(D) OTHER INFORMATION: /niod.baBe» OTHER 

/noteo -N - 5-propynyl-2'-deoxyuridine'' 

(ix) FEATURE: 

(A) NAME/KEY: modified-base 

(B) LOCATION: 8 

(D) OTHER INFORMATION: /mo4.ba6e- OTHER 

/note- "N - 2-amino-2'-deoxyadeno8ine" 

(ix) FEATURE: 

(A) NAME/KEY: modified_base 

(B) LOCATION: 9 

(D) OTHER INFORMATION: /mod.base- OTHER 

/note- *N - 5-propynyl-2'-deoxyuridine'' 

(ix) FEATURE: 

(A) NAME/KEY: modified_base 

(B) LOCATION: 10 

(D) OTHER INFORMATION: /mod^base- OTHER 
/note- *N - 2-amino-2'-deoxyadenosine 
covalently modified at the 3' 
phosphate group with a 
hexaethyleneglycol (HEG) linker" 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:25: 



(2) INFORMATION FOR SEQ ID NO: 26: 

(i) SEQUENCE- CHARACTERISTICS: 

(A) LENGTH: 10 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA 

(ix) FEATURE: 

(A) NAME/ KEY: modified-base 

(B) LOCATION: 1 

(D) OTHER INFORMATION; /mod.baBe- OTHER 

/note- -N - thymine covalently modified 
at the 5 * hydroxyl group with a 
fluorescein molecule" 

(ix) FEATURE: 

(A) NAME/KEY: modified-base 

(B) LOCATION: 10 

(D) OTHER INFORMATION: /modJ)aBe- OTHER 
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/note« "N " thymine covalently modified 
at the 3* phosphate group with a 
hexaethyleneglycol (HEG) linker which is 
covalently bound to the 5 * phosphate 
group of. the 5' guanine (N in pos. 1) of 
SEQ ID NO!27'' 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 26: 



NATATTATAN 



(2) IKPORMATION FOR SEQ ID NO: 27: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 10 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNES5: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DMA 

(ix) FEATURE: 

(A) NAME/KEY: modified_baae 

(B) LOCATION: 1 

(D) OTHER INFORMATION: /mod^base- OTHER 

/note- "N - guanine covalently modified 
at the 5' phosphate group with a 
hexaethyleneglycol <HEG) linker which is 
covalently bound to the 3' phosphate 
group of the 3' thymine (N in pos. 10) 
of SEQ ID ^0:26' 

(xi) SEQUENCE DESCRIPTION: SEQ ID HO: 27: 
HCGCGGCGCG 

(2) INFORMATION FOR SEQ ID NO: 28: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 15 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA 

(ix) FEATURE: 

(A) NAME/KEY: modified_base 

(B) LOCATION: 6.. 10 

(D) OTHER INFORMATION: /mod.base= OTHER 
/note- "N - guanine (G), 
2 ' , 3 ' -dideoxyguanine (ddG), 
2 ' -deoxyinosine (dl) or thymiJie (T)" 

(ix) FEATURE: 

(A) NAME/KEY: modified^base 

(B) LOCATION: 15 

(D) OTHER INFORMATION; /mod^base- OTHER 

/note- "N - cytosine covalently modified 
at the 5' phosphate group with a 
hexaethyleneglycol (HEG) linker" 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:28: 

TCGGCNNNNN TTGTN 



(2) IKFORMATION FOR SEQ ID NO: 29: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 21 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 
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ks(ii) MOLECULE TYPE: DNA 

(ix) FEATURE: 

(A) NAHE/KEy: modified^base 

(B) LOCATION: 1 

(D) OTHER INFORMATION! /mod^base- OTHER 

/note- "N - cytoeine covalently modified 
at the 5' phosphate group with a 
fluorescein molecule" 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 29: 

NAATACAACC CCCGCCCATC C 



What is claimed is: 

1. A composition for analyzing interactions between ou- 
gonucleotide targets and oligonucleotide probes comprising 
an array of a plurality of oligonucleotide analogue probes 
having different sequences, wherein said oligonucleotide 
analogue probes are coupled to a solid substrate at known 
locations and wherein said plurality of oligonucleotide ana- 
logue probes are selected to bind to complementary oligo- 
nucleotide targets with a similar hybridization stabiUty 25 
across the array, 

2. The composition of claim 1, wherein at least one of said 
oligonucleotide analogue probes is selected to maintain 
hybridization specificity or mismatch discrimination with 
said complementary oligonucleotide targets. 30 

. 3. The composition of claim 1, wherein at least one of said 
oligonucleotide analogue probes has increased the thermal 
stability between said oligonucleotide analogue probe and 
said complementary oligonucleotide target as compared to 
an oligonucleotide probe that is the perfect complement to 35 
the complementary oligonucleotide target with which said 
oligonucleotide analogue probe anneals. 

4. The composition of claim 1, wherein at least one of said 
oligonucleotide analogue probes has decreased the theraial 
stability between said oligonucleotide analogue probe and 40 
said complementary oligonucleotide target as compared to 

an oligonucleotide probe that is the perfect complement to 
the complementary oligonucleotide target with which said 
oligonucleotide analogue probe anneals. 

5. The composition of claim 2, wherein at least one of said 45 
oligonucleotide analogue probes has increased the thermal 
stability between said oligonucleotide analogue probe and 
said complementary oligonucleotide target as compared to 
an oligonucleotide probe that is the perfect complement to 
the complementary oligonucleotide target with which said 50 
oligonucleotide analogue probe anneals. 

6. The composition of claim 2, wherein at least one of said 
oligonucleotide analogue probes has decreased the thermal 
stability between said oligonucleotide analogue probe and 
said complementary oligonucleotide target as compared to 55 
an ohgonucleotide probe that is the perfect complement to 
the complementary oligonucleotide target with which said 
oligonucleotide analogue probe anneals. 

7. The composition of claims 1-5 or 6, wherein said solid 
substrate is selected from the group consisting of silica, 60 
polymeric materials, glass, beads, chips, and slides. 

8. The composition of claims 1-5 or 6, wherein said 
composition comprises an array of oligonucleotide analogue 
probes 5 to 20 nucleotides in length. 

9. The composition of claims 1-5 or 6, wherein said array 65 
of oligonucleotide analogue probes comprises a nucleoside 
analogue with the formula 




wherein: 

the nucleoside analogue is not a naturally occurring DNA 
or RNA nucleoside; 

is selected from the group consisting of hydrogen, 
methyl, hydroxyl, alkoxy, alkythio, halogen, cyano, 
and azido; 

is selected from the group consisting of hydrogen, 
methyl, hydroxyl, alkoxy, alkythio, halogen, cyano, 
and azido; 
Y is a heterocyclic moiety; 

and wherein said nucleoside analogue is incorporated into 
the oligonucleotide analogue by attachment to a 3' 
hydroxyl of the nucleoside analogue, to a 5' hydroxyl of 
the nucleoside analogue, or both the 3' nucleoside and 
the 5' hydroxyl of the nucleoside analogue. 

10. The composition of claims 1-5 or 6, wherein said 
array of 

oligonucleotide analogue probes comprises a nucleoside 
analogue with the formula 




wherein: 

the nucleoside analogue is not a naturally occurring DNA 
or RNA nucleoside; 

R* is selected from the group consisting of hydrogen, 
hydroxyl, methyl, methoxy, ethoxy, propoxy, allyloxy, 
propargyloxy, Fluorine, Chlorine, and Bromine; 

R^ is selected from the group consisting of hydrogen, 
hydroxyl, methyl, methoxy, ethoxy, propoxy, allyloxy, 
propargyloxy, Fluorine, Chlorine, and Bromine; and 
Y is a base selected from the group consisting of 
purines, purine analogues pyrimidines, pyrimidine 
analogues, 3-nitropyrrole and 5-nitroindole; 

and wherein said nucleoside analogue is incorporated into 
the oligonucleotide analogue by attachment to a 3' 



6,156,501 

array of oUgonucleoUde analogue probes is res^tant to at P^^^j'-^^^'^^J^^^pi^^ ^ ^ i^^^^^ed hybridization 
U ''5^l°comfitTon of claims 1-5 or 6, wherein each " corresponding oligonucleotide sequence. 

analogueprobes,eacboligonudeo,ideanalogueprobeshav- ^""^^j.^^ ,„,,y^g ^te interaction between 

mg the tonnula; oligonucleotide target and an oligonucleotide probe com- 

Y_M_x'-L'-X= prising an ariay of a plurality of oligonucleotide probes 

having different sequences hybridized to complementary 
therein oUgonucleotide analogue targets, wherein said oligonucle- 

Y k a solid substrate- otide analogue Urgets bind to complementary ohgonucle- 

X^andX^ar^^^^^^^^^^^ 

ing at least one nucleotide analogue; array. ^^^^^^^ ^^^^^^ ^e, wherein at least one of 

L IS a spacer; .„.u yi said oligonucleotide analogue target is selected to mamtain 

is a linking group havmg sufficient length such that A h„u.yi|^tion specificity or mismatch discrimination with 
and form a double-stranded ohgoiiucleot.de. ^J? complementary oUgonucleotide probes. 

16. The composition of clami IS wherein said composi- composition of claim 26, wherein at least one of 
tion comprises a Ubrary of unimolecular double-stranded oligonucleotide analogue targets has increased the 
oUgonucleotide analogue probes. ... . . thermal stabiUty between said oUgonucleotide analogue 

17. The composition of claims 1-5 or 6, wherem said said complementary oUgonucleotide probe as 
array of oUgonucleotide analogue probes comprises a con- ^ j oUgonucleotide target that is the perfect 
formationally restricted array of oligonucleotide analogue ^ ^^J^y^^^^^ complementary oligonucleotide probe 
probes with the foraiula: ^^^^ ^^.^^ oligonucleotide analogue target anneak. 

_„„_, X" 29. The composition of claim 26, wherein at least OIK of 

said oligonucleotide analogue targets has decreased the 
wherein X" and X" are complementary oligonucleotides themial stabiUty between said oligonucleotide a^togue 
or OUgonucleotide analog^ and Z . a presented « ^^^^^ZT^^^ 
is'rhe composition of claims 1-5 or 6, wherein each complement to the complementary o«8°°'«=l«°';;f^ Pf ^ 
prJbe of said pluraUty of oUgonucleotide analogue probes with which said oligonuc leoude ^^'^M^oLf 
his at least one oligonucleotide analogue, and wherein at 30. The composition of claun 27, wherem at least one oi 
k«t one of Lid Snucto^^^^ an^es comprises a 50 said oligonucleotide analogue targets has >"c«ased th 

£ Sid suE by lightKlired^ chemical coupling. said oligonucleotide analogue targets has ^^^ ^ 

20 Se «.mposiUon'of claim 19. wherein said soUd thermal stabiUty between said oUgonucteoUj 
substrate is derivitized with a sUane reagent prior to syn- target and said complemenlao^ hftrf^ 
thesis of said pluraUty of oligonucleotide analogue probes. 60 compared to an oligonuc eoUde target that >s pertect 

21 m ZSn of claims 1-5 or 6, wherein said complement to the complementary oligonucleotide pmbe 
pluraU^SSeotide analogue probes are coupled to with wWch said o'fgo->'f ^ -^^^^^ 

said Jid su» by flowing oUgonucleotide analogue 32. THe composition of dauns 2«-30 or 3^1. wh'rem 

reagents over known locations of the soUd substrate. oUgonucleoUde analogue arget is ^ amplicon. 

72 The composition of claim 21, wherein said soUd 65 33. Tlie composition of claims 26^0 or 31, wherein at 

sub^traJl deriS v^i a silane ^agent prior to syn- least one of said plurality of oligonucleotide probes com- 

Ihesis of said pluraUty of oUgonucleotide analogue probes. prise at least one oligonucleotide analogue. 
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nucleic acid. . . / ,„ ^k^o- 45 Ttemctod of claims 35-39 or 40. wherein said step 

IS A method analyzing hteractions between an oUgo- *s. inc uitiu 

nud^«£Set and L olgonucleotide probe, comprising , W^^^^VpS ^^j--' '° ^^^^^ 

"synthesizing an oligonucleotide analogue array com- ..."^Jlf^fi^^^^^^ reagents in said channels to synthe- 

V^ing a plurality of oUgonucleottde ^^^J^^_ "^sfi o^Side Llogue probes at known loca- 

having different sequences, wherein said oUgonucle- aze oi S 

otide analogue probes ate coupled to a solid substrate ,o ...!'°°';,ji„,t„si) 

at known locations, said solid substrate having a sur- '">[5P^^^^^^^ [^.^^^i^ probes having different 

face; , . , sequences at known locations on said substrate. 

(b). exposing said oligonucleotide analogue probe array to ^ ^^^^^^ ^j^^^ 35.39 40. wherem s^dsohd 

a plurality of oligonucleotide targets under hybndiza- ^^^^^^^^ ^ ,ijc group consisUng of beads, 

tion conditions such that said pluraUly of ohgonucle- 15 ^^ips. :h „iiH 

otide analogue probes bind to complementary oligo- .j.^^ ^^^j^od of claims 35-39 or 40. wherem said solid 

nucleotide targets with a simUar hybridization stability comprised of materials selected from the group 

aaoss the array; and consisting of siUca polymers and 

M rteterminine whether an oUgonucleoUde analogue 45. The method of clauns 35-39 or 4U, wherem ine 

^ nrJb Tf s^d Sonucleotide analogue probe array 20 oUgonucleotide analogue probes of said array are synthe- 

?i to atTeast on of said target nudeic acids. using V^rTr^"'-^iTXZr comprising 

36 S method in accordance of claim 35. wherein at 49. ^ -f^i^^ 

leastoneofsaidoligonucleotideanalogueprobesis^toed ^^^m^y mcoj^^^^ 

to maintain hybridization specificity or ^"'•f f uS'we* '^gu^ into at least one of said 

nation with said complementary oYrfsf 'S at SnuSoWogue probes. . , 

37. The method in accordance of da m 35. wherem at ougonuci 6 ^ ^^^^ ^ 

least one of said oUgonucleotide anal<|ue protes has f^^d^nucleotide analogue probes is synthesized 

increased the thermal stabflity between said <> iBonud 0 de ^^midite nucleoside reagents, 

analogue probe and said complementary oligonucleot d fr°75^P^3'^f d,„„i„g oUgonucleotide target, 
urget as compared to an oligonucleotide probe that is the 30 JJ" A^""^^^^^^^^^ 

perfect complement to the complemenUry oligonucleoUde thereby produdng 

. Lget with which said oUgonucleotde analogue probe u^^g at "e-t o« ^ ,„aiogue targets, selecting said 

. J f Mm %s wherein at oUgonucleoUde analogue targets such that said oUgonucle- 

38. The method in accordance of cla m 35. wherem at o"go°^^« » ^^ ^^^^ complementary ohgo- 
least one of said oUgonucleotide analogue probes has 35 ^ fr^^^J^coupled to a solid surface at known 
decreased the thermal stability between said obgonuc eo .de ""^^''f ^ P^"^^^^^^ , hybridization stability 
analogue probe and said complementary otjgonuf^'f ^^^^^J^^^" *^;yXg fl,e oligonudeotide analogue 
urget as compared to an oligonucleotide probe that is 4e aaoK the ^^^y* 7°™ ^^^^^^ probes, and 

complement to the complementary oligonudeotide f^.^^f ^,"^7^^^^^^^^ oligonuclotide ana- 
Uet with which said oUgonucleotide analogue probe 40 

""sAe method in accordance of daim 36. wherein at P'°^- ^^^^^ ^1, wherein at least one of said 

least one of said oUgonucleotide analogue probes has f^. Ue mdh^^^^^^ , ^ ^^^^^ ^^^^^^ 

increasedthe thermal stability between said o igonucleo de "JB""™!^™ ^^.i^h discrimination with 

analogue probe and said complemenUry ohgonucl^t^e 45 J "^^^^^^ probes, 

urget as compared to an oligonucleotide probe that is the 5I. wherein at least one of said 

perfect complement to the complementary oligonucleotide f ' ^oTde mlo^te UigeU has increased the themial 

target with which said oUgonucleotide analogue probe ^J^^^'^^^^^tcM^Zdco^c analogue target and 

"■"4^^The method in ac«,rdan. of claim 36. wherein M ^ f ^S^— ^e^^^^ 

least one of said oUgonucleotide analogue probes has ° probe with which said 

decreasedthethermalstabilitybetweensaido .gonucUo d J» ^"P^'^^"'^^"^^^ 

analogue probe and said ^o-^Pl^^l.^ ?»!^o^"S^^^^ ''IrSrmrh^Sim 51. wherein at least one of said 

urget as compared to an oligonucleotide probe UaHs me ^ ( ^ has decreased the thermal 

perfect implement to the complemenUry oltgon^leoud 55 analogue target and 

Target with which said oligonucleotide analogue probe ^^^J^y^J^^^^^ oligonucleotide probe as compared to 

T m method of Claims 35-39 or 40. where. s.d -^^SiX^^^^^^^^^ 

°=cSJ«S»= ^ SfeS-tleastoneofsaid 

43. The method of claims 35-39 or 40, wherem said oUgonucleotide probe as compared to 

pluraUty of oligonucleotide analogue probes is synthesized ^f^^SSe S that is the perfect complement to 

°"rT.rmS':?S^^^^^ said " rSinUry ofgonucleotide p.be with which said 

pluXfralXoLtoT^^^^^^ oligonucleotide analogue urget anneals. 
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oUgonucleoade analogue .argeU h^^<l«'--^ °'l4 S mlod in f J«iaoce with claims 5^2. or (3, 

stabiUty between said oligonucleoUde ^f^SM^J^^'f^ further comprising incorporating at least one ohgonucle- 

saidcoinplementary oligonucleotide probe as cotnjme^^ "naloL into at least one of the oligonucleoude 

an oUgonucleotide target that is the perfect complement 0 5 ^l'" probes of the array to reduce or prevent the 

the complementary oligonucleotide probe wttb which said ^S/J^^'^^jary structure in the oUgonucleotide of 

oligonucleotide analogue target anneals. . o™» 

57. The method of claims 51-55 " SS-^be^m th ^^^^^^ ;„ .^^aace with claims 58-62, or 63. 

oligonucleotide probe array comprises at least one oUgo ". ' rising incorporating at least one oligonucle- 

nucleolide analogue probe which is complementary to at lO ^l^^;;",^ ^^e of the oligon^ 

least one of said oUgonucleotide analogue "rgets. °t'Je^a g ^^^^^.^^ ^^^^^^^ ^ 

ferentsecpiencesatknownlocationsonananay^^^^^ Sogue pr^s of the array to aeate secondary structure m 

the oligonucleotide analogue probes to hybridize witn array, 

omplementary oligonucleotide .^1™ " * fiv^mS in ao^rdance with claims 58-62. or 63. 

hybridization conditions such that said ohgonucle^^^^^^^^^^ f,lr^^mpnsing incorporating a base selected from the 
logueprobesbindtocomplementaryohgonucleoude targets 20 "^^P;^ |f S-propynyluracil. 5-propynylcytosme, 

wtth a similar hybridization stabUity. acn,^ the array f^l^S T-deazaguInine, 2-aminopurine. S-aza-T- 

59. The method of claim 58. wherem at least one of sa d ^—adenine^ hypoxanthine into the oligo- 
oligonucleotidc analogue probes is selected to maintain '^^^'''^^^J^ of the array, 
hybridization specificity or mismatch discnmmaUon with rthod of claim 67 further co 

said complementary oUgonucleotide targets. • oligonucleotide analogue such that the 

60. The method of claim 58. wherem at least one of said * J^' , * ^ » homopolymer. 
oUgonucleotide analogue probes has increased the tberma "-f^^JjS^^^^^^^ with claims 58-<2. or 63. 
StabiUty between said oligonucleotide analogue probe ar^d J', ™ 

said Jmplementary oUgonucleotide target as cotnpared^ ^£^1^7*' group'consisting essentiaUy of oligo- 
an oUgonucleotide probe that is the perfect complement to 30 comprising 2'-0-methyl nucleotides 

the complementary oligonucleotide target with which said n^^- "^s Uprising a base selected from the 
oUgonucleotide analogue probe anneaU. _ 8 consisting of 5 -propynyluracil. 

61. The method of clami 58, wherein at leas^ one^ot said f °"'P . j v.deazaguanine. 2-aminoadenine. 
oligonucleoude analogue probes has decreased the thermal I'V^y^^^^^^ and hypoxanthine. 
StabiUty between said oligonucleotide analogue probe ar^d 35 8-a=« '^^^oTSi accoriance with claims 58-62 or 63. 
said complementary oUgonucleotide target as cornpared o 2 ^™°"^,,,ang said at least one oligon 

an oUgonucleotide probe that is the perfect complement to f j" ^^^P'^^t d^^^ analogue probes com- 

the complementary oligonucleotide target with which said p,p|de nucleic acid. 

oUgonucleotide analogue probe anneals. f ^ 71 The method in accordance with claims 58-62. or 63, 

62. Tlie method of claim 59. wherem at least one of said 40 71. Th^ inemoa m a oligonucleotide 
OUgonucleotide analogue probes has increased the *erma ^^^-^^jS^bri^^^^ 

StabiUty between said oligonucleotide an^ogue prebe and a^o^e 0 mcr^as g ^^^.^^ ^ hybrid- 
said complementary oUgonucleotide target as compared 0 "'"l' t^^f ' '^^^^^ „f a fluorescent indicator, in comparison 
an oUgonucleotide probe that is the perf«.t «.mptement 0 " *^P;™ be without oUgonucleotide analog, 
the complementary oligonucleotide target with which said 45 to ^ i/accordance with claims 58-62. or 63. 

SX::^^^^^- °o»er.ogueprobes.^ 
said complementary oligonucleotide target as compared to 50 ^ , * * * 

an oUgonucleotide probe that is the perfect complement to 



